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(57) Abstract 



Luciferase enzymes with greatly increased thermostability, e.g., at least half lives of 2 hours at 50 *C, cDNAs encoding the 
novel luciferases, and hosts transformed to express the luciterases, are disclosed. Methods of producing the luciferases include recursive 
mutagenesis. The luciferases are used in conventional methods, some employing kits. 
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THERMOSTABLE LUCIFERASES AND METHODS OF PRODUCTION 



The government may have rights to this invention based on support 
provided by NIH 1R43 GM506 23-01 and 2R44 GM506 23-02 and NSF ISI- 
9160613 and ffi-9301865, 

RELATED APPLICATIONS 

This application claims priority from copending U.S. Ser No. 60/059,379 
filed September 19, 1997. 

FIELD OF THE INVENTION 

The invention is directed to mutant luciferase enzymes having greatly 
increased thermostability compared to natural luciferases or to luciferases from 
which they are derived as measured e.g. by half-lives of at least 2 hrs. at 50°C in 
aqueous solution. The invention is also drawn to polynucleotides encoding the 
novel luciferases, and to hosts transformed to express the luciferases. The 
invention is further drawn to methods of producing luciferases with increased 
thermostability and the use of these luciferases in any method in which previously 
known luciferases are conventionally employed. Some of the uses employ kits, 

BACKGROUND OF THE INVENTION 

Luciferases are defined by their ability to produce luminescence. Beetle 
luciferases form a distinct class with unique evolutionary origins and chemical 
mechanisms. (Wood, 1995) 

Although the enzymes known as beetle luciferases are widely recognized 
for their use in highly sensitive luminescent assays, their general utility has been 
limited due to low thermostability. Beetle luciferases having amino acid 
sequences encoded by cDNA sequences cloned from luminous beetles are not 
stable even at moderate temperatures. For example, even the most stable of the 
luciferases, LucPpe2, obtained from a firefly has very little stability at the 
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moderate temperature of 37° C Firefly luciferases are a sub-group of the beetle 
luciferases. Historically, the term "firefly luciferase" referred to the enzyme 
iMcPpy from a single species Photinus pyralis (Luc + is a version). 

Attempts have been reported to mutate natural cDNA sequences encoding 
5 luciferase and to select mutants for improved thermostablity (White et al., 1994; 

from P. pyralis and Kajiyama and Nekano, 1993, from Luciota lateralis.) 
However, there is still a need to improve the characteristics and versatility of this 
important class of enzymes. 

SUMMARY OF THE INVENTION 

10 The invention is drawn to novel and remarkably thermostable luciferases, 

including half-lives of at least 2 hrs. at 50°C or at last 5 hrs. at 50°C in aqueous 
solution. The mutant luciferases of the present invention display remarkable and 
heretofore unrealized thermostability at room temperature (22°C) and at 
temperatures at least as high as 65°C The invention is further directed to the 

15 mutant luciferase genes (cDNA) which encode the novel luciferase enzymes. The 

terminology used herein is, e.g. for the mutants isolated in experiment 90, plate 
number 1, well B5, the E. coli strain is 90-1B5, the mutant gene is Iuc90-1B5 9 and 
the mutated luciferase is 1aic90-1B5. 

By thermostability is meant herein the rate of loss of enzyme activity 

20 measured at half life for an enzyme in solution at a stated temperature. Preferably, 

for beetle luciferases, enzyme activity means luminescence measured at room 
temperature under conditions of saturation with luciferin and ATP. 
Thermostability is defined in terms of the half-life (the time over which 50% of 
the activity is lost). 

25 The invention further encompasses expression vectors and other genetic 

constructs containing the mutant luciferases, as well as hosts, bacterial and 
otherwise, transformed to express the mutant luciferases. The invention is also 
drawn to compositions and kits which contain the novel luciferases, and use of 
these luciferases in any methodology where luciferases are conventionally 

30 employed 
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Various means of random mutagenesis were applied to a luciferase gene 
(nucleotide sequence), most particularly gene synthesis using an error-prone 
polymerase, to create libraries of modified luciferase genes. This library was 
expressed in colonies of E. coli and visually screened for efficient luminescence to 
5 select a subset library of modified luciferases. Lysates of these E. coli strains were 

then made, and quantitatively measured for luciferase activity and stability. From 
this* a smaller subset of modified luciferases was chosen, and the selected 
mutations were combined to make composite modified luciferases. New libraries 
were made from the composite modified luciferases by random mutagenesis and 
10 the process was repeated. The luciferases with the best overall performance were 

selected after several cycles of this process. 

Methods of producing improved luciferases include directed evolution 
using a polynucleotide sequence encoding a first beetle luciferase as a starting 
(parent) sequence, to produce a polynucleotide sequence encoding a second 
15 luciferase with increased thermostability, compared to the first luciferase, while 

maintaining other characteristics of the enzymes. A cDNA designated lucppel 
encodes a firefly luciferase derived from Phoiuris pemtsytvanica that displays 
increased thermostability as compared to the widely utilized luciferase designated 
"LuoPpy from Photinus pyralis. The cDNA encoding LucPpe2 luciferase was 
20 isolated, sequenced and cloned (see Leach, et ah. 1997). A mutant of this gene 

encodes a first luciferase \^\xcPpe2 [T249M]. 

In an embodiment of a mutant luciferase, the amino acid sequence is that of 
\jucPpe2 shown in FIG. 45 with the exception that at residue 249 there is a T 
(designated T249 M) rather than the M reported by Leach et ah The bold, 
25 underlined residue (249) shows mutation from T to M. This enzyme produced 

approximately 5-fold more light in vivo when expressed in E. coli. Double- 
underlined residues were randomized by oligonucleotide mutagenesis. 

Diluted extracts of recombinant coli that expressed mutant luciferases 
made by the methods of the invention were simultaneously screened for a plurality 
30 of characteristics including light intensity, signal stability, substrate utilization 

(K^), and thermostability. A fully automated robotic system was used to screen 
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large numbers of mutants in each generation of the evolution. After several cycles 
of mutagenesis and screening, thereby creating mutant libraries of luciferases, an 
increased thermostability compared to LucPpe2 [T249M] of about 35°C was 
achieved for the most stable clone [clone Luc90-1B5] which also essentially 
5 maintained thermostability (there was only negligible loss in activity of 5%) when 

kept in aqueous solution over 2 hrs. at 50°C, 5 hours at 65°C, or over 6 weeks at 
22°C. 

Mutant luciferases of the present invention display increased 
thermostability for at least 2 hrs. at 50°C, preferably at least 5 hrs. at 50°C in the 

10 range of 2-24 hrs. at 50°-65°C, In particular, the present invention comprises 

thermostable mutant luciferases which, when solubilized in a suitable aqueous 
solution, have a stability half-life greater than about 2 hours at about 50°C, more 
preferably greater than about 10 hours at 50°C, and more preferably still greater 
than 5 hours at 50°Q The present invention also comprises mutant luciferases 

15 which, when solubilized in a suitable aqueous solution, have a stability half-life 

greater than about 5 hours at about 60°C, more preferably greater than about 10 
hours at about 60°C, and more preferably still greater than about 24 hours at about 
60°Q The present invention further comprises mutant luciferases which when 
solubilized in a suitable aqueous solution have a stability half-life greater than 

20 about 3 months at about 22°C, and more preferably a half-life stability of at least 6 

months at 22°C An embodiment of the invention is a luciferase mutant having 
stability 6 hours at 65°C (equivalent to a half-life of 2 days), A loss of activity of 
about 5-6% was found. The half-lives of enzymes from the most stable clones of 
the present invention, extrapolated from data showing small relative changes, is 2 

25 days at 65°C (corresponding to 6% loss over 6 hours), and 2 years at 22°C 

(corresponding to 5% loss over 6 weeks). 

In particular, the invention comprises luciferase enzymes with 
embodiments of amino acid sequences disclosed herein, (e.g. mutant luciferases 
designated Luc40- 7C6; Uxo78-0B10\ and LucPO-755, FIGS, 27, 36, 43) as well as 

30 all other beetle luciferases that have thermostability as measured in half-lives of at 
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least 2 hours at 50°C. The invention also comprises mutated polynucleotide 
sequences encoding luciferase enzymes containing any single mutation or any 
combination of mutations of the type and positions in a consensus region of beetle 
luciferase encoding sequences, disclosed herein, or the equivalents* The mutations 
5 are indicated in the sequences in FIGS, 22-47 by bold, underlined residues and are 

aligned with other beetle luciferase sequences in FIG. 19. 

Nucleotide sequences encoding beetle luciferases are aligned in FIG, 19. 
Eleven sequences found in nature in various genera and species within genera are 
aligned, including lucppe-2. Nucleotide sequences encoding three mutant 

10 luciferases of the present invention (Uxc49~7C6; 78-0BI0; 90-1 BS) are also 

aligned. There are at least three mutations in each mutant luciferase that show 
increased thermostability. In general, mutations are not in the conserved regions. 
Conserved amino acids are those that are identical in all natural species at 
positions shown in FIG. 19. Consensus refers to the same amino acid occurring at 

15 more than 50% of the sequences shown in FIG. 19, excluding \j\izPpe2. 

DETAILED DESCRIPTION OF THE INVENTION 

The invention relates beetle luciferases that are characterized by high 
thermostability and are created by mutations made in the encoding genes, 
generally by recursive mutagenesis. The improved thermostability allows storage 

20 of luciferases without altering its activity, and improves reproducibility and 

accuracy of assays using the new luciferases. The invention further comprises 
isolated polynucleotide sequences (cDNAs) which encode the mutant luciferases 
with increased thermostability, vectors containing the polynucleotide sequences, 
and hosts transformed to express the polynucleotide sequences. Table I shows 

25 results of about 250 clones and characteristics of the luciferases from the clones 

including thermostability. The invention also encompasses the use of the mutant 
luciferases in any application where luciferases are conventionally utilized, and 
kits useful for some of the applications. 

Unexpectedly, beetle luciferases with the sought after high thermostability 

30 were achieved in the present invention through a process of recursive mutagenesis 
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and selection (sometimes referred to as "directed evolution"). A strategy of 
recursive mutagenesis and selection is an aspect of the present invention, in 
particular the use of a multi-parameter automated screens. Thus, instead of 
screening for only a single attribute such as thermostability, simultaneous 
5 screening was done for additional characteristics of enzyme activity and 

efficiency- By this method, one property is less likely to "evolve* 1 at the expense 
of another, resulting in increased thermostability, but decreased activity, for 
example. 

Table 1 presents examples of parameter values (Li, Tau, Km and S) derived 

10 from experiments using different luciferases as starting (parent) sequences. The 

subtitles refer to designations of the starting temperature at which the parameters 
were measured and the starting luciferase, e.g., 39- SB 10 at 51°C* and so forth. 
All parameters in each experiment are recorded as relative values to the respective 
starting sequence, e.g., the parameter values for the starting sequence in any 

15 experiment equal "1 " (See Example 2 herein for definitions.) 

Thermostability has evolved in nature for various enzymes, as evidenced 
by thermostable isozymes found in thermophilic bacteria. Natural evolution 
works by a process of random mutagenesis (base substitutions, gene deletions, 
gene insertions), followed by selection of those mutants with improved 

20 characteristics. The process is recursive over time. Although the existence of 

thermostable enzymes in nature suggests that thermostability can be achieved 
through mutagenesis on an evolutionary scale, the feasibility of achieving a given 
level of thermostability for a particular class of enzymes by using short term 
laboratory methods was unpredictable. The natural process of evolution, which 

25 generally involves extremely large populations and many millions of generations 

and genes, by mutation and selection cannot be used to predict the capabilities of a 
modern laboratory to produce improved genes by directed evolution until such 
mutants are produced. 

After such success, since the overall three-dimensional structure of all 

30 beetle luciferases are quite similar, having shown it possible for one member of 

this class makes it predictable that high thermostability can be achieved for other 

6 
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beetle luciferases by similar methods. FIG. 17 shows evolutionary relationship 
among beetles luciferases. All of these have a similar overall architecture. The 
structural class to which the beetle luciferases belong is determined by the 
secondary structure (e,g, helices are symbolized by cylinders, sheets by collections 
5 of arrows, loops connect helices with sheets (FIG. 18A). FIG. 18B shows the 

amino acids of the \jucPpe2 luciferase (FIG. 1 8B) wherein small spirals 
correspond to cylinders of FIG. ISA; FIG 18C shows that the general beetle 
architecture matches (is superimposed on) that ofhucPpe2. This is support for the 
expectation that the methods of the present invention may be generalized to all 

10 beetles luciferases: 

Enzymes belong to different structural classes based on the three- 
dimensional arrangement of secondary elements such as helices, sheets, and loops. 
Thermostability is determined by how efficiently the secondary elements are 
packed together into a three-dimensional structure. For each structural class, there 

15 also exists a theoretical limit for thermostability. All beetle luciferases belong to a 

common structural class as evident by their common ancestry (FIG, 1 7), 
homologous amino acid sequences, and common catalytic mechanisms. 

The application of a limited number of amino acid substitutions by 
mutagenesis is unlikely to significantly affect the overall three-dimensional 

20 architecture (i*e. 9 the structural class for mutant luciferases is not expected to 

change.) Because the theoretical limit for thermostability for any structural class 
is not known, the potential thermostability of beetle luciferases was not known 
until demonstrations of the present invention. 

A priori difficulties in achieving the goals of the present invention 

25 included: 

1 . The types of mutations which can be made by laboratory methods 
are limited. 

i) By random point mutation (e.g. by error-prone PGR), more than one 
base change per codon is rare, Thus* most potential amino acid 
30 changes are rare. 
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ii) Other types of random genetic changes are difficult to achieve for 
areas greater than 100 bp (e.g., random gene deletions or 
insertions). 

2. The number of possible luciferase mutants that can be screened is 

5 limited 

i) Based on sequence comparisons of natural luciferases, ignoring 
deletions and insertions, more than 10 189 functional enzyme 
sequences may be possible, 

ii) If 100,000 clones could be screened per day, it would require 

10 more than 10 179 centuries to screen all possible mutants assuming 

same mutant was never screened twice (actual screening rate for 
the present invention was less than 5000 per day), 

3, The probability of finding functional improvement requiring 
cooperative mutations is rare (the probability of finding a specific cooperative pair 

IS is I out of 108 clones). 

Thus, even if the theoretical limits of thermostability were known, since 
only a very small number of the possible luciferase mutants can be screened, the a 
priori probability of finding such a thermostable enzyme was low. 

However, the present invention now shows that it is possible and feasible to 
20 create novel beetle luciferases having high thermostability, 

a) The approximately 250 mutants produced by methods of the present 
invention wherein the initial sequence was from ljutPpe2 and 
LucPpe demonstrate that it is possible and feasible for at least one 
member of this enzyme class to achieve high thermostability. 
25 b) Any beetle luciferase should be improved by similar means since 

the luciferases belong to the same structural class, 
i) Since all beetle luciferases belong to the same structural 
class, they also share in the same pool of potentially 
stabilizing mutations (this conclusion is supported by 
30 observation that a high percentage of the stabilizing 

mutations found in the clones of the present invention were 
8 
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conversions to "consensus amino acids" in other beetle 
luciferases that is, amino acids that appear in the majority of 
beetle luciferase sequences (see FIG. 1 9). 
ii) Similar results were achieved using another beetle luciferase 
5 from the luminous beetle Pyrophorus plagiophthalamus 

(LucPplYG). The wild-type LucPplYG has 48% sequence 
identity to the wild type LucPpe2. Although the 
thermostability of the LucPplYG mutants were less than the 
LucPpe2 mutants described herein, this is because they were 
10 subjected to fewer cycles of directed evolution. Also> in 

some instances, mutants were selected with less emphasis 
placed on their relative thermostability. The most stable 
clone resulting from this evolution {Luc80-5E5) has a half- 
life of roughly 3.8 hours at 50°C. 
15 To compensate for a statistical effect caused by the large number of 

deleterious random mutations expected relative to the beneficial mutations, 
methods were employed to maximize assay precision and to re-screen previously 
selected mutations in new permutations. Among the methods for maximizing 
assay precision were closely controlling culture conditions by using specialized 
20 media, reducing growth rates, controlling heat transfer, and analyzing parameters 

from mid-logarithmic phase growth of the culture, controlling mixing, heat 
transfers, and evaporation of samples in the robotic screening process; and 
normalizing data to spatially distributed control samples. New permutations of the 
selected mutations were created by a method of DNA shuffling using proof- 
25 reading polymerases. 

The difficulty in predicting the outcome of the recursive process is 
exemplified by the variable success with the other characteristics of luciferase that 
were also selected for. Although the primary focus was on the enzyme 
thermostability, selection for mutants with brighter luminescence, more efficient 
30 substrate utilization, and an extended luminescence signal was also attempted. 

The definitions are given by equations herewith. The selection process was 

9 
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determined by changes relative to the parent clones for each iteration of the 
recursive process. The amount of the change was whatever was observed during 
the screening process. The expression of luciferase in E* coli was relatively 
inefficient, for LucPpe2 7 compared to Luc +, Other luciferases varied (see 
5 Fig, 21), 

To improve the overall efficiency of substrate utilization, reduction in the 
composite apparent utilization constant (i.e., Km-[ATT-Huciferin]) for both 
luciferin and ATP was sought* Although there was an unexpected systematic 
change in each utilization constant, there was little overall change. Finally, the 

10 luminescence signal could only be moderately affected without substantially 

reducing enzyme efficiency. Thus, while the enzyme thermostability was greatly 
increased by methods of the present invention, other characteristics of the enzyme 
were much less affected. 

FIGS. 48-53 present other results of the mutant luciferases. Compositions 

15 of the invention include luciferases having greater than the natural level of 

thermostability. Each mutant luciferase is novel, because its individual 
characteristics have not been reported. Specific luciferases are known by both 
their protein and gene sequences. Many other luciferases were isolated that have 
increased, high thermostability, but whose sequences are not known. These 

20 luciferases were identified during the directed evolution process, and were 

recognized as distinct by their enzymological characteristics. 

A luciferase which is much more stable than any of the luciferase mutants 
previously described is designated as mutant Luc 90-1B5. New thermostable 
mutants were compared to this particularly stable luciferase. The mutant 

25 luciferases of the present invention display remarkable and heretofore unrealized 

thermostability at temperatures ranging from 22°C (room temperature) to at least 
as high as 65°C. 

Other aspects of the invention include methods that incorporate the 
thermostable luciferases, specifically beetle luciferases having high 
30 thermostability. 
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Production of Luciferases of the Present Invention 

The method of making luciferases with increased thermostability is 
recursive mutagenesis followed by selection. Embodiments of the highly 
thermostable mutant luciferases of the invention were generated by a reiterative 
5 process of random point mutations beginning with a source nucleotide sequence, 

e.g. the cDNA LucPpe2 [T249M] cDNA. Recombination mutagenesis is a part of 
the mutagenesis process* along with point mutagenesis. Both recombination 
mutagenesis and point mutagenesis are performed recursively. Because the 
mutation process causes recombination of individual mutants in a fashion similar 

10 to the recombination of genetic elements during sexual reproduction, the process is 

sometimes referred to as the sexual polymerase chain reaction (sPCR). See, for 
instance, Stemmer, U.S. Patent No, 5,605,793, issued February 25, 1997. 

Taking the \jxcPpe2 luciferase cDNA sequence as a starting point, the 
gene was mutated to yield mutant luciferases which are far more thermostable. A 

15 single point mutation to the LucPpe2 sequence yielded the luciferase whose 

sequence is depicted as T249M This mutant is approximately 5 times brighter in 
vivo than that of LucP/^2, it was utilized as a template for further mutation. It 
was also used a baseline for measuring the thermostability of the other mutant 
luciferases described herein. 

20 

Embodiments Of Sequences Of Luciferases Of The Present Invention 

FIG. 45 shows the amino acid sequence of the LucPpe2 luciferase. 
T249M. The sequence contains a single base pair mutation at position T249 to M 
(bold, underlined) which distinguishes it from the sequence reported by Leach et 

25 al f (1997). This clone has a spectral maximum of 552 nm, which is yellow 

shifted from that of the Luc of Leach. This mutant was selected for use as an 
original template in some of the Examples because it is approximately 5 times 
brighter in vivo, than the form repeated by Leach et al which allowed for more 
efficient screening by the assay. These sequences show changes from the starting 

30 sequence (T249-M) in bold face. Note that "x" in the sequence denotes an 

ambiguity in the sequence. 
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Directed Evolution, A Recursive Process 

Directed evolution is a recursive process of creating diversity through 
mutagenesis and screening for desired changes. For enzymological properties that 
5 result from the cumulative action of multiple amino acids, directed evolution 

provides a means to alter these properties. Each step of the process will typically 
produce small changes in enzyme function, but the cumulative effect of many 
rounds of this process can lead to substantial overall change. 

The characteristic, 'thermostability" is a candidate for directed evolution 

10 because it is determined by the combined action of many of the amino acids 

making up the enzyme structure. To increase the thermostability of luciferase, 
luminescence output and efficiency of substrate binding were also screened. This 
was to ensure that changes in thermostability did not also produce undesirable 
changes in other important enzymological properties. 

15 Because the frequency of deleterious mutations is much greater than useful 

mutations, it is likely that undesirable clones are selected in each screen within the 
precision limits of the present invention. To compensate for this> the screening 
strategy incorporated multiple re-screens of the initially selected mutations. 
However, before re-screening, the selected mutations were "shuffled" to create a 

20 library of random intragenetic recombinations. This process allows beneficial 

mutations among different clones to be recombined together into fewer common 
coding sequences, and unlinks deleterious mutations to be segregated and omitted. 
Thus, although essentially the same set of selected mutations was screened again, 
they were screened under different permutations as a result of the recombination 

25 or shuffling. 

Although results of each step of the evolutionary process were assayed by 
quantitative measurements, these measurements were mutually made in cell 
lysates rather than in purified enzymes. Furthermore, each step only measured 
changes in enzyme performance relative to the prior step, so global changes in 

30 enzyme function were difficult to judge. To evaluate the impact of directed 

evolution on enzyme function, clones from the beginning, middle and end of the 
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process (Table 2) were purified and analyzed. The clones selected for this analysis 
were Luc[r249M], 49-7C6, and 78-0B10. Another clone, 90-1B5, created by a 
subsequent strategy of oligonucleotide^directed mutagenesis and screening was 
also purified for analysis. 

5 The effect of directed evolution on thermostability was dramatic. At high 

temperatures, where the parent clone was inactivated almost instantaneously, the 
mutant enzymes from the related clones showed stability over several hours (Table 
1). Even at room temperature, these mutants are several fold more stable than the 
parent enzyme. Subsequent analysis of 90-1B5 showed this enzyme to be the 

10 most stable, having a half4ife of 27 hours at 65°C when tested under the same 

buffer conditions. With some optimization of buffer conditions, this enzyme 
showed very little activity loss at 65 °C over several hours (citrate buffer at pH 6.5; 
FIG. 1 A). This luciferase was stable at room temperature over several weeks 
when incubated at pH 6.5 (FIG. IB). 

15 Kajiyama and Nakamo (1993) showed that firefly luciferase from Luciola 

lateralis was made more stable by the presence of a single amino acid substitution 
at position A217; to either I, L, or V. The substitution was from alanine. 
Substitution with leucine produced a luciferase that maintained 70% of its activity 
after incubation for 1 hour at 50°C. All of the enzymes of the present invention 

20 created through directed evolution, are much more stable than this L. lateralis 

mutant The most stable clone, 90-1 B5, maintains 75% activity after 120 hours (5 
days) incubation under similar conditions (50°C, 25mol/L citrate pH 6.5, 150 
mmol/LNaCl, lmg/mL BSA, O.lmmol/L EDTA, 5% glycerol). Interestingly, the 
Luc reported by Leach already contains isoleucine at the homologous position 

25 described for the L. lateralis mutant. 

Although thermostability was the characteristic of interest, clones were 
selected based on the other enzymological parameters in the screens. By selecting 
clones having greater luminescence expression, mutants were found that yielded 
greater luminescence intensity in colonies of E, coli. However, the process 

30 showed little ability to alter the kinetic profile of luminescence by the enzymes. 

This failure suggests that the ability to support steady-state luminescence is 
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integral to the catalytic mechanism, and is not readily influenced by a cumulative 
effect of many amino acids. 

Substrate binding was screened by measuring an apparent composite 
(see Example 2) for luciferin and ATP. Although the apparent composite Km 
5 remained relatively constant, later analysis showed that the individual KJ's 

systematically changed. The Km for luciferin rose while the Km for ATP declined 
(Table 2). The reason for this change is unknown, although it can be speculated 
that more efficient release of oxyluciferin or luciferin inhibitors could lead to more 
rapid enzyme turnover. 

10 Each point mutation on its own increases (to a greater or lesser extent) the 

thermostability of the mutant enzyme beyond that of the wild-type luciferase. The 
cumulative effect of combining individual point mutations yields mutant 
lucif erases whose thermostability is greatly increased from the wild-type, often on 
the order of a magnitude or more. 

15 

EXAMPLES 

The following examples illustrate the methods and compositions of the 
present invention and their embodiments. 

20 EXAMPLE 1: Producing Thermostable Luciferases Of The Present 

Invention 

Mutagenesis Method : 

An illustrative mutagenesis strategy is as follows: 
From the "best 11 luciferase clone, that is a clone with improved 
25 thermostability and not appreciably diminished values for other parameters, 

random mutagenesis was performed by three variations of error-prone PCR. From 
each cycle of random mutagenesis, 18 of the best clones were selected, DNA was 
prepared from these clones yielding a total of 54 clones. These clones represent 
new genetic diversity. 
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These 54 clones were combined and recombination mutagenesis was 
performed. The 18 best clones from this population were selected. 

These 18 clones were combined with the 18 clones of the previous 
population and recombination mutagenesis was performed. From this screening, a 
5 new luciferase population of 18 clones was selected representing 6 groups of 

functional properties. 

In this screening the new mutations of the selected 54 clones, either in their 
original sequence configurations or in recombinants thereof, were screened a 
second time_ Each mutation was analyzed on the average about 10 times. Of the 
10 90 clones used in the recombination mutagenesis, it was likely that at least 10 

were functionally equivalent to the best clone. Thus, the best clone or 
recombinants thereof should be screened at least 100 times. Since this was greater 
than the number of clones used in the recombination, there was significant 
likelihood of finding productive recombination of the best clone with other clones. 

15 Robotic Processing Methods : 

Heat transfers were controlled in the robot process by using thick 
aluminum at many positions where the 96-well plates were placed by the robotic 
arm. For example, all shelves in the incubators or refrigerator were constructed 
from Vi inch aluminum. One position in particular, located at room temperature, 

20 was constructed from a block of aluminum of dimensions 4.5 x 7 x 6.5 inches. 

When any 96-well plate was moved from a high temperature (e.g, incubators) or 
low temperature (eg,, refrigerator) to a device at room temperature, it was first 
placed on the large aluminum block for temperature equilibration. By this means, 
the entire plate would rapidly reach the new temperature, thus minimizing unequal 

25 evaporation for the various wells in the plate due to temperature differences. Heat 

transfers in a stack of 96-well plates placed in an incubator (e.g., for overnight 
growth of E. coli) were controlled by placing 1 mm thick sheets of aluminum 
between the plates. This allowed for more efficient heat transfer from the edges of 
the stack to the center. Mixing in the robotic process was controlled by having the 

30 plate placed on a shaker for several second after each reagent addition. 
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Please refer to FIG. 14 for a schematic of the order in which the plates are 
analyzed (FIG. IS) and a robotic apparatus which can be programmed to perform 
the following functions: 

5 Culture Dilution Method, A plate (with lid) containing cells is placed on a shaker 

and mixed for 3-5 minutes. 

A plate (with lid) is gotten from a carousel and placed in the reagent 
dispenser 180 [il of media is added after removing the lid and placing on the 
locator near the pipetter. The plate is then placed in the pipetter. 
10 The plate on the shaker is placed in the pipetter, and the lid removed and 

placed on the locator. Cells are transferred to the new plate using pipetting 
procedure (see "DILUTION OF CELLS INTO NEW CELL PLATE"). 

The lids are replaced onto both plates. The new plate is placed in the 
refrigerator and the old plate is returned to the carousel. 

15 Luminescence Assay Method. A plate containing cells is retrieved from the 

carousel and placed on the shaker for 3-5 minutes to fully mix the cells, the 
cells tend to settle from solution upon standing. 

To measure Optical Density (O.D.), the plate is moved from the shaker to 
the locator near the luminometer; the lid is removed and the plate placed into the 
20 luminometer. The O.D. is measured using a 620 nm filter. 

When it is finished, the plate is then placed in the refrigerator for storage. 
The above steps are completed for all plates before proceeding with 
subsequent processing. 

To prepare a cell lysate, the plate of cells is first retrieved from the 
25 refrigerator and mixed on the shaker to resuspend the cells. A new plate from the 

carousel without a lid is placed in the reagent dispenser and 20 ill of Buffer A is 
added to each well This is placed in the pipetting station. 

The plate of cells in the shaker is placed in the pipetting station. A 
daughter plate is prepared using pipetting procedure (see "PIPETTING CELLS 
30 INTO THE LYSIS PLATE") to prepare a daughter plate of cells. 
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After pipetting, the new daughter plate is placed on the shaker for mixing. 
The plate is returned to its original position in the carousel. 

After mixing, the Lysate Plate is placed into the C0 2 freezer to freeze the 
samples. The plate is then moved to the thaw block to thaw for 10 minutes. 
5 The plate is then moved to the reagent dispenser to add 175 \il of Buffer B, 

and then mixed on the shaker for about 1 5 minutes or more. The combination of 
the freeze/thaw and Buffer B will cause the cells to lyse. 

A new plate with a lid from the carousel is used to prepare the dilution 
plate from which all assays will be derived. The plate is placed in the reagent 
10 dispenser and the lid removed to the locator near the pipetter. 285 ^1 of Buffer C 

is added to each well with the reagent dispenser, then the plate is placed in the 
pipetting station. 

The Lysate Plate in the shaker is moved to the pipetting station and 
pipetting procedure (see "DILUTION FROM LYSIS PLATE TO INCUBATION 

15 PLATE") is used. After pipetting, the new daughter plate is placed on the shaker 

for mixing. The Lysate Plate is discarded. 

Two white assay plates are obtained from the plate feeder and placed in the 
pipetter. The incubation plate from the shaker is placed in the pipetter, and the lid 
removed and placed on the nearby locator. Two daughter plates are made using the 

20 pipetting procedure (see CREATE PAIR OF DAUGHTER PLATES FROM 

INCUBATION PLATE"). Afterwards, the lid is replaced on the parent plate, and 
the plate is placed in a high temperature incubator, [ranging from 3 1 ° to about 65° 
depending on the clone.] 

One daughter plate is placed in the luminometer and the lx ASSAY 

25 METHOD is used. After the assay, the plate is placed in the ambient incubator, 

and the second daughter plate is placed in the luminometer. For the second plate, 
the 0.02x ASSAY METHOD is used. This plate is discarded, and the first plate is 
returned from the incubator to the luminometer. The REPEAT ASSAY method is 
used (i.e., no reagent is injected). Afterwards, the plate is again returned to the 

30 ambient incubator. 
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The above steps are completed for all plates before proceeding with 
processing. 

To begin the second set of measurements, the plate from the high 
temperature incubator is placed in the shaker to mix. 
5 The plate in the ambient incubator is returned to the luminometer and the 

REPEAT ASSAY method is again used. The plate is returned afterwards to the 
ambient incubator. 

Two white assay plates again are obtained from the plate feeder and placed 
in the pipetter. The plate on the shaker is placed in the pipetter, and the lid 
10 removed and placed on the nearby locator. Two daughter plates are again made 

using the pipetting procedure (see "CREATE PAIR OF DAUGHTER PLATES 
FROM INCUBATION PLATE")- Afterwards, the lid is replaced on the parent 
plate, and the plate is returned to the high temperature incubator. 

One daughter plate is placed in the luminometer and the lx ASSAY 
15 METHOD is again used. The plate is discarded after the assay. The second 

daughter plate is then placed in the luminometer and the 0.06x ASSAY METHOD 
is used. This plate is also discarded. 

The above steps are completed for all plates before proceeding with 
processing. 

20 In the final set of measurements, the plate from the high temperature 

incubator is again placed in the shaker to mix. 

The plate in the ambient incubator is returned to the luminometer and the 
REPEAT ASSAY method is again used. The plate is discarded afterwards. 

One white assay plate is gotten from the plate feeder and placed in the 
25 pipetter. The plate from the shaker is placed in the pipetter, and the lid removed 

and placed on the nearby locator. One daughter plate is made using the pipetting 
procedure (see "CREATE SINGLE DAUGHTER PLATE FROM INCUBATION 
PLATE"). The lid is replaced on the parent plate and the plate is discarded. 
The daughter plate is placed in the luminometer and the lx ASSAY 
30 METHOD is used. The plate is discarded after the assay. 
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Buffers: 



Buffer A : 
25mM K2HP04 
5 imM CDTA 

.1% Triton X-100 

Buffer B : 

X CCLR (Promega el 53a) 
10 1 .25mg/ml lysozyme 

0.04% gelatin 

Buffer C : 
lOmMHEPES 
15 150mM NaCl 

lmg/ml BSA 
5% glycerol 
O.lmMEDTA 

20 IX Assay reagent: 

5uM Luciferin 
175uM ATP 
20mM Tricine , pH 8,0 
0.1 mM EDTA 

25 0.02X Assay reagent: 

1:50 dilution of IX Assay reagent 

0.06X Assay reagent: 

1:150 dilution of 1 X Assay reagent 
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Pipetting Procedures 
Pipetting Cells Into the Lysis Plate 
Non-aseptic procedure using fixed tips 

On the pipetter deck : 

5 -place a plate containing approximately 200 \il cells without lid 

-Lysate Plate containing 20 pi of Buffer A 

Procedure: 

1 . Move the tips to the washing station and wash with I ml 

2, Move to the cell plate and withdraw 60 jil, 
10 3 . Move to the Lysate Plate and dispense 45 jil. 

4. Repeat steps 1-3 for all 96 samples. 

5. At the conclusion of the procedure, step 1 is repeated to clean the tips. 
Post-procedure: 

- Place Lysate Plate onto the shaker. 

IS - Place lid on plate with cells and place on carousel. 

- Place Lysate Plate into the CO a freezer. 



DILUTION FROM LYSIS PLATE TO INCUBATION PLATE 

20 On the pipetter deck : 

- Lysate Plate containing 240 pi of lysate 

- Incubation Plate without lid containing 285 \il of Buffer C 
Procedure; 

1 . Move the tips to the washing station and wash with 0,5 ml. 
25 2. Move to the Lysate Plate and withdraw 30 \il 

3. Move to the Incubation Plate and dispense 15 by direct contact with 
the buffer solution. 

4. Repeat steps 1 -3 for all 96 samples. 

5. At the conclusion of the procedure, step 1 is repeated to clean the tips. 
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Post-procedure: 

- Place Incubation Plate on shaker. 

- Discard Lysate Plate. 

* 

5 CREATE PAIR OF DAUGHTER PLATES FROM INCUBATION PLATE 

This procedure is done twice 
On the pipetter deck: 

- Incubation Plate containing 1 00-300 jil of solution without lid 

- Two empty Assay Plates (white) 

10 Procedure: 

1, Move the tips to the washing station and wash with 0.5 ml, 

2. Move to the Incubation Plate and withdraw 50 pi 

3. Move to the first Assay Plate and dispense 20 \iL 

4, Move to the second Assay Plate and dispense 20 \xL 
15 5. Repeat steps 1-4 for all 96 samples. 

6. At the conclusion of the procedure, step 1 is repeated to clean the tips. 

Post-procedure: 

1 . Replace lid on Incubation Plate. 

2. Place Incubation Plate in incubator. 
20 3. Place first Assay Plate in luminometen 

4. Place second Assay Plate on carousel. 



CREATE SINGLE DAUGHTER PLATE FROM INCUBATION PLATE 
25 On the pipetter deck : 

Place incubation Plate containing 100-300 \il of solution without lid 

and 

Empty Assay Plate (white) 
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Procedure: 

1. Move the tips to the washing station and wash with 0.5 ml. 

2. Move to the Incubation Plate and withdraw 40 pi. 

3. Move to the Assay Plate and dispense 20 pi. 

4. Repeat steps 1-3 for all 96 samples. 

5. At the conclusion of the procedure, step 1 is repeated to clean the tips. 
Post-procedure: 

- Discard Incubation Plate and lid on Incubation Plate. 

- Place Assay Plate in luminorneter. 



DILUTION OF CELLS INTO NEW CELL PLATE 
Aseptic procedure using fixed tips 
On the pipetter deck : 

- plate containing approximately 200 pi of cells without lid 

- new cell plate containing 180 pi of Growth Medium without lid 

Procedure: 

1 . Move to the cell plate and withdraw 45 pi. 

2. Move to the Cell Plate and dispense 20 pi volume by direct liquid-to- 
liquid transfer. 

3. Move to waste reservoir an expel excess cells. 

4. Move to isopropanol wash station aspirate isopropanol to sterilize tips, 

5. Move to wash station, expel isopropanol and wash tips. 

6. Repeat steps 1 -4 for all 96 samples. 

Post-procedure: 

1 . Replace lid on original plate of cells and place onto carousel. 

2, Replace lid on new cell plate and place into refrigerator. 

Notes : 

This procedure is used to prepare the cell plates used in the main analysis 
procedure. 
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10 



40 



180 jal of Growth Medium is added by the reagent dispenser to each of the 
new cell plates just prior to initiating the pipetting procedure. 

The dispenser is flushed with 75% isopropanol before priming with 
medium. 

The medium also contains selective antibiotics to reduce potential 
contamination. 
Luminometer Procedures 

Ix ASSAY METHOD 

- place plate into luminometer 



1 . Inject 1 00 ul of 1 X Assay reagent 

2, Measure luminescence for 1 to 3 seconds 
15 3. Repeat for next well 

- continue until all wells are measured 



20 0,02x ASSAY METHOD 

- place plate into luminometer 

1 . Inject 1 00 ul of 0.02X Assay reagent 

25 2. Measure luminescence for 1 to 3 seconds 

3 . Repeat for next well 

- continue until all wells are measured 

30 

0.06x ASSAY METHOD 

- place plate into luminometer 

35 L Inject 100 ul of 0.06X Assay reagent 

2. Measure luminescence for 1 to 3 seconds 

3 . Repeat for next well 



- continue until all wells are measured 



REPEAT ASSAY 
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- place plate into luminometer 

1. Measure luminescence for 1 to 3 seconds 
5 2. Repeat for next wel 1 

- continue until all wells are measured 



IN VIVO SELECTION METHOD 
10 5-7 nitrocellulose disks, 200-500 colonies per disk (1000-3500 colonies 

total), are screened per 2 microplates (176 clones). The clones are screened at 

high temperatures using standard screening conditions. 

8 positions in each microplate are reserved from a reference clone using the 

"best" luciferase (the parent clone for random mutagenesis and codon 
15 mutagenesis). The positions of the reserved wells is shown as "X" below. 



XooooooooooX 
oooooooooooo 

20 000X0000X000 

oooooooooooo 
oooooooooooo 
000X0000X000 
oooooooooooo 

25 XooooooooooX 

The reference clones are made by placing colonies from DNA transformed 
from the parent clone into the reference wells. (To identify these wells prior to 
inoculation of the microplate, the wells are marked with a black marking pen on 
30 the bottom of each well). 
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Wood and 

SCREENING SELECTION CRITERIA 

The following were used to screen. Criteria 1 is achieved manually; data 
for criteria 2-6 is generated by robotic analysis. For all criteria, the maximum 
value as described are selected. 
5 1. In vivo screen. The brightest clones are selected at an elevated 

temperature. 

2. Expression/specific activity. The value of normalized luminescence 
are calculated as the ratio of luminescence to optical density. The 
values are reported as the ratio with the reference value. 

10 3. Enzyme stability. Measurements of normalized luminescence of the 

incubated samples (3 taken over about 15 hours) are fitted to 
ln(L)=ln(L0)-(t/r ), where L is normalized luminescence and t is time. 
v is a measure of the enzyme stability. The value is reported as the 
ratio with the reference value, and the correlation coefficients are 

15 calculated. 

4. Substrate binding. Measurements of normalized luminescence with 
lx and 0.02x are taken at the initial reading set, and lx and 0.06x are 
taken at the 5 hour set. The ratio of the 0.02x: lx and 0.06x: lx gives 
the relative luminescence at 0,02x and 0.06x concentrations. These 

20 values, along with the relative luminescence at lx (i.e., 1), are fitted 

to a Lineweaver-Burk plot to yield the Km:app,total for the substrates 
ATP, luciferin* and CoA. The value are reported as the inverse ratio 
with the reference value, and the correlation coefficients are 
calculated. 

25 5. Signal stability. The luminescence of the initial lx luminescent 

reaction are re-measured 3 additional times over about 15 hours. 
These values are fitted to ln(L)=ln(L0)-(t/r ) and the integral over t 
(15 hours) are calculated. Signal stability is then calculated as S-(l- 
int(L)/L0t)2. The value are reported as the inverse ratio with the 

30 reference value, and the correlation coefficient are calculated. 
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6. Composite fitness. The values of criteria 2 through 5 are combined 
into a single composite value of fitness (or commercial utility). This 
value is based on a judgment of the relative importance of the other 
criteria. This judgment's given below: 

5 

Criteria Relative Value 

Stability 5 
Signal Stability 2 
Substrate Binding 2 
10 Expression/Activity 1 

The composite, C=Sum(criteria 2-5 weighted by relative value, e,g., more 
weight is on stability because that was a major goal). 

EXAMPLE 2: Software 

Procedure: Organize data into SQL database. Each file created by a 
15 luminometer (96 well) (Anthos, Austria) represents the data from one microplate. 

These files are stored in the computer controlling the luminometer, and connected 
to the database computer by a network link. From each microplate of samples, 
nine microplates are read by the luminometer (the original microplate for optical 
density and eight daughter microplates for luminescence), 
20 Ninety files are created in total; each containing data sets for 96 samples. Each 

data set contains the sample number, time of each measurement relative to the first 
measurement of the plate, luminometer reading, and background corrected 
luminometer reading. Other file header information is also given. The time that 
each microplate is read is also be needed for analysis. This can be obtained from 
25 the robot log or the file creation time, A naming convention for the files are used 

by the robot during file creation that can be recognized by SQL (e.g. 
YYMMDDPR.DAT where YY is the year, MM is the month, DD is the day, P is 
the initial plate [0-9], and R is the reading [0-8]), 
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Procedure: Data Reduction And Organization* 

- Normalize luminescence data: For each measurement of luminescence in the 
eight daughter plates, the normalized luminescence is calculated by dividing by 
the optical density of the original plate. If any value of normalized luminescence 

5 is less than zero, assign the value of 0. 1 sL where sL is the standard deviation for 

measurements of normalized luminescence. 

- Calculate relative measurement time: For each normalized luminescence 
measurement, the time of the measurement is calculated relative to the first 
measurement of the sample. For example, the time of all luminescence 

10 measurements of sample B6 in plate 7 (i.e., 7:B06) are calculated relative to the 

first reading of 7:B06. This time calculation will involve both the time when the 
plate is read and the relative time of when the sample is read in the plate. 

- Calculate enzyme stability (t ): For each sample, use linear regression to fit 
ln(Li ![ )=In(Lo)-(t/r ) using the three luminescence measurements with lx substrate 

15 concentrations (Plates l t 5, 8). Also calculate the regression coefficient, 

- Calculate substrate binding (K m;a p Pilota ,): Using microplates from the first set of 
readings (Plates 1 and 2), calculate the Lo^rei by dividing measurements made 
with substrate concentrations of 0.02x by those of lx. Similarly, calculate the 
LaoGwi using microplates of the second set of readings (Plates 5 and 6), by 

20 dividing measurements made with substrate concentrations of 0.06x by those of 

lx. 

For each sample, use linear regression to fit 1 /L=(K m ^p^/I^ w ) 
(1/[SJ)+(1/I^ app ) using 

L [S] 

25 Lo.02xjel 0.02 

Lq.osx^ 0,06 
1 (Lix^) 1 
Km:app,toui is calculated as the slope/intercept. Also calculate the regression 
coefficient 

30 
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- Calculate signal stability (S): For each sample, use linear regression to fit 
ln(L)=ln(Lo)-(t/ r ) using the four luminescence measurements of the initial 
microplate with Ix substrate concentrations (Plates 1, 3, 4, and 7). Also calculate 
the regression coefficient. From the calculated values of z and Lq, calculate the 
integral of luminescence by int(L)=r Lo (l-exp(-t/ r ))> where t/is the average time 
of the last measurement (e.g., 1 5 hours). The signal stability is calculated as S=(l- 
int(L)/L/t/) 2 , where L f is the initial measurement of normalized luminescence with 
lx substrate concentration (Plate 1) 

[Note: To correct for evaporation, an equation S=(l+K-int(L)/L i t^) 2 , may be used 
where 1/K=2(relative change of liquid volume at t/) J 

- Calculate the reference value surfaces: A three dimensional coordinate system 
can be defined by the using the grid positions of the samples within a microplate 
as the horizontal coordinates, and the calculated values for the samples (L,, , 
Kfli:app,t0tair , or S) as the vertical coordinate. This three dimensional system is 

15 referred to as a "plate map". A smooth surface in the plate maps representing a 

reference level can be determined by least squares fit of the values determined for 
the 8 reference clones in each microplate. For each of the 10 initial microplates of 
samples, respective reference surfaces are determined for the criteria parameters 
"L h t , K^app^ui, and S (40 surfaces total), 

20 In the least squares fit* the vertical coordinate (i.e., the criteria parameters) are the 

dependent variable, the horizontal coordinates are the independent variables. A 
first order surface (i,e., z=ax+by+c) are fitted to the values of the reference clones. 
After the surface is calculated, the residuals to each reference clone are calculated. 
If any of these residuals is outside of a given cutoff range, the reference surface 

25 are recalculated with omission of the aberrant reference clone. 

If a first order surface does not sufficiently represent the values of the reference 
clones, a restricted second order surface are used (i,e., 2F=a (x 2 H-ky 2 )+bx+cy+d, 
where k is a constant). 

28 
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- Calculate the reference-normalized values: For the criteria parameter of each 
sample, a reference-normalized values is determined by calculating the ratio or 
inverse ratio with the respective reference value. The reference-normalized values 
are L//L /r , r/vr, K Mr fK m ; apPftotaly and S/S, where reference values are calculated 
from the equations of the appropriate reference surface. 

- Calculate the composite scores: For each sample, calculate 
C=5(r It r )+2(S^S)+2(K,^^^ 

- Determine subgroupings: For the criteria parameters L s , r , K^pp^, S, and C, 
delimiting values (i.e., bin sizes) for subgroupings are defined as gL, g*-, gKm, 
gS, and gC. Starting with the highest values for L s , r , or C, or the lowest values of 
K.napp.totot or S, the samples are assigned to bins for each criteria parameter (the 
first bin being #1, and so on). 

- Display sorted table of reference-normalized values: Present a table of data 
for each sample showing in each row the following data: 

- sample identification number (e.g,, 7:B06) 

- composite score (C) 

- reference-normalized enzyme stability (r/r r) 

- correlation coefficient for enzyme stability 

- bin number for enzyme stability 

- reference-normalized signal stability (S,/S) 

- correlation coefficient for signal stability 

- bin number for signal stability 

- reference-normalized substrate binding (K rt3r /K m:ap p 4otill ) 

- correlation coefficient for substrate binding 

- bin number for substrate binding 

- reference-normalized expression/specific activity (LA^t) 

- bin number for expression/specific activity 

The table is sorted by the composite score (C). 
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Procedure: Present sorted table of criteria parameters. 

Present a table of data for each sample showing in each row the following data: 

- sample identification number 

- composite score (C) 
5 - enzyme stability (r ) 

- correlation coefficient for enzyme stability 

- bin number for enzyme stability 

- signal stability (S) 

- correlation coefficient for signal stability 
10 - bin number for signal stability 

- substrate binding (K mapp jtoto |) 

- correlation coefficient for substrate binding 

- bin number for substrate binding 

- expression/specific activity (Lj) 

15 - bin number for expression/specific activity 

The table is sorted by the composite score (C); the reference clones are 
excluded from the table. Same entry coding by standard deviation as described 
above. 

Procedure: Present sorted table of reference-normalized values. 

20 This is the same procedure as the final step of the data reduction procedure. The 

table will show: 

- sample identification number 

- composite score (C) 

- reference-normalized enzyme stability (Wt r) 
25 - correlation coefficient for enzyme stability 

- bin number for enzyme stability 

- reference-normalized signal stability (S^) 

- correlation coefficient for signal stability 
« bin number for signal stability 
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** reference-normalized substrate binding (K^/KmapiMotd) 

- correlation coefficient for substrate binding 

- bin number for substrate binding 

- reference-normalized expression/specific activity (hi/La) 
5 - bin number for expression/specific activity 

The table is sorted by the composite score (C); the reference clones are 
excluded from the table. Same entry coding by standard deviation as described 
above. 

Procedure: Present sorted table of criteria parameters for reference clones* 
10 This is the same procedure as described above for criteria parameters, except for 

only the reference clones. The table will show; 

- sample identification number 

- composite score (C) 

- enzyme stability (r ) 

15 - correlation coefficient for enzyme stability 

- bin number for enzyme stability 

- signal stability (S) 

- correlation coefficient for signal stability 

- bin number for signal stability 
20 - substrate binding (K m:ap|Uotal ) 

- correlation coefficient for substrate binding 

- bin number for substrate binding 

- expression/specific activity (Lj) 

- bin number for expression/specific activity 

25 The table is sorted by the composite score (C), Same entry coding by 

standard deviation as described above. 

Procedure: Present sorted table of reference-normalized values* 

This is the same procedure as described above for reference-normalized values, 
except for only the reference clones. The table will show: 
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- sample identification number 

- composite score (C) 

- reference-normalized enzyme stability (r h r ) 

- correlation coefficient for enzyme stability 
5 - bin number for enzyme stability 

- reference-normalized signal stability (S r fS) 

- correlation coefficient for signal stability 

- bin number for signal stability 

- reference-normalized substrate binding (Km/K^pp^) 
10 - correlation coefficient for substrate binding 

- bin number for substrate binding 

- reference-normalized expression/specific activity (Li/L^) 

- bin number for expression/specific activity 

The table is sorted by the composite score (C). Same entry coding by 
15 standard deviation as described above. 

Procedure: Sort table. 

Any table may be sorted by any entries as primary and secondary key. 
Procedure: Display histogram of table. 

For any table, a histogram of criteria parameter vs. bin number may be displayed 
20 for any criteria parameter. 

Procedure: Display plate map* 

For any plate, a plate map may be displayed showing a choice of: 

- any luminescence or optical density measurement 
-Li 

25 - L| reference surface 

- X 

- r reference surface 
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- r/r r 

- correlation coefficient of r 
-S 

- S reference surface 
5 -S/S 

- correlation coefficient of S 

- K m reference surface 

10 - correlation coefficient for K m:app< totai 

- composite score (C) 

The plate maps are displayed as a three dimensional bar chart. Preferably, the 
bars representing the reference clones are indicated by color or some other means. 

Procedure: Display drill-down summary of each entry. 
15 For Lj, t > Kmiapp.urta], and S, any entry value in a table may be selected to display 

the luminescence and optical density reading underlying the value calculation, and 
a graphical representation of the curve fit where appropriate. Preferably the 
equations involved and the final result and correlation coefficient will also be 
display. 

20 - Lj or Lj/Lr. Display the optical density and luminescence value from the 

chosen sample in Plate 0 and Plate 1. 

- r or r fr r - Display the optical density and luminescence value from the 

chosen sample in Plate 0, Plate 1, Plate 5, and Plate 8. Display graph of In(LIx) 

vs. t, showing data points and best line, 
25 - S or S/S, Display the optical density and luminescence value from the 

chosen sample in Plate 0, Plate 1, Plate 3, Plate 4, and Plate 7. Display graph of 

ln(L) vs. t, showing data points and best line. 

" Kmapp^ota] or T^mf^mp^MMi^ Display the optical density and luminescence 

value from the chosen sample in Plate 0, Plate 1, Plate 2, Plate 5, and Plate 6. 
30 Display graph of 1/L vs. 1/[S]> showing data points and best line. 
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EXAMPLE 3: Preparation Of Novel Lu rife rases 

The gene with FIG. 1 contains a single base pair mutation at position 249, 
T to M t This clone has a spectral maximum of 552 nm which is yellow shifted 
from the sequence of Luc. This mutant was selected as an original template 
because it is about 5 time brighter in vivo which allowed for more efficient 
screening, 

Oterminus mutagenesis 

To eliminate the peroxisome targeting signal (-SKL) the L was mutated to 
a STOP and the 3 codons immediately upstream were randomized according to the 
oligonucleotide mutagenesis procedure described herein. The mutagenic 
oligonucleotide designed to accomplish this also introduces a unique Spel site to 
allow mutant identification without sequencing. The mutants were screened in 
vivo and 13 colonies picked, 12 of which contained the Spel site. 

N-terminus mutagenesis 

To test if expression could be improved, the 3 codons immediately 
downstream from the initiation Met were randomized as described herein. The 
mutagenic oligo designed to accomplish this also introduces a unique Apal site to 
allow mutant identification without sequencing. Seven clones were selected, and 
six of the isolated plasmids were confirmed to be mutants. 

Shuffling of C- and N-terminus mutants 

The C- and N-terminus mutagenesis was performed side-by-side. To 
combine the N and C-terminus mutations, selected clones from each mutagenesis 
experiment were combined with the use of recombination mutagenesis according 
to the recombination mutagenesis protocol described herein. The shuffled mutants 
were subcloned into amp s pRAM backbone and screened in DH5 F'lQ. [BRL, 
Hanahan, 1985) A total of 24 clones were picked, only 4 contained both the N- 
and C- terminus mutations. These 4 clones were used as templates for 
randomization of the cysteine positions in the gene. 
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Mutagenesis to randomize cysteine positions/Random mutagenesis and 
recombination mutagenesis in the Luc gene 

There are 7 cysteine positions in the Ppe-2 gene. It is known that these 

positions are susceptible to oxidation which could cause destabilization of the 

5 protein. Seven oligonucleotides were ordered to randomize the cysteine positions. 

The oligonucleotides were organized into two groups based upon the 

conservation of cysteine in other luciferase genes from different families. Group I 

randomizes the conserved cysteine positions C-60, C-80, and C-162. Group 2 

randomizes cysteines that are not strictly conserved at positions C-38, C-I27, C- 

10 221,andC~257. 

The four selected templates from the N and C terminus mutagenesis were 
sub-cloned into an ampicill in-sensitive backbone and single-stranded DNA was 
prepared for each of the templates. These templates were combined in equal 
amounts and oligonucleotide mutagenesis was completed as described herein. It 

15 was determined by plating an aliquot of the mutS transformation prior to overnight 

incubation that each of the 2 groups contained 2xl0 4 independent transformants. 
MutS-DNA was prepared for the % groups and was then transformed into JM109 
cells for screening. Mutants from group 1 were screened in vivo and picks were 
made for a full robotic run. Five clones were selected that had improved 

20 characteristics. Mutants from group 2 were screened in vivo and picks were made 

for a full robotic run. The temperature incubator on the robot was set at 33°C for 
this set of experiments. Ten clones were selected that had improved 
characteristics. 

The fifteen best picks from both groups of the cysteine mutagenesis 
25 experiments were shuffled together as described herein and 1 8 of the best clones 

were selected after robotic processing. 

The "best" clone from the above experiment (3 1-1G8) was selected as a 
template for subsequent rounds of mutagenesis. (The high temperature robot 
incubator temperature was set to 42°C) Another complete round of mutagenesis 
30 was completed. 
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The 18 best clones from the above mutagenesis were picked and clone (39- 
SB10) was selected as the best clone and was used as a template for another round 
of mutagenesis. (The high temperature robot incubator temperature was set at 
49°C). 

5 After this cycle, 6 of the best clones were selected for sequencing. Based 

upon the sequence data, nine positions were selected for randomization and seven 
oligos were designed to cover these positions. Based upon data generated from 
the robot, it was determined that the best clone from the group of six clones that 
were sequenced was clone (49-7C6). The luciferase gene from this clone was sub- 

10 cloned into an ampicillin-sensitive pRAM backbone and single stranded DNA was 

prepared. The randomization of the selected positions was completed according to 
the oligonucleotide mutagenesis procedure listed above. 

The randomization oligos were divided into 4 groups, and transformants 
from these experiments were picked and two robotic runs were completed. Ten 

15 clones were selected from the two experiments. (The high temperature robot 

incubator temperature on robot was set at 56°C), 

The best 10 picks from the above two experiments, and the best 18 picks 
from the previous population of clones were shuffled together (recombination 
mutagenesis protocol), 

20 The 1 8 best clones were selected and clone 58-0A5 was determined to be 

the best clone. This clone was then used as a template for another round of 
mutagenesis. The high temperature robot incubator temperature was set at 56°C. 
Clone 71-504 was selected as a new lead clone and another round of mutagenesis 
was completed. Incubator set at 60°C, 

25 The best 1 8 picks were selected and the best clone from this group was 

determined to be clone 78-0B10. The temperature stability of clones at various 
temperatures is presented in the FIGS. 

EXAMPLE 4: Mutagenesis Strategy From Clone 78-0B10 to 90-1B5 
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1. 23 oligos (oligonucleotides) were ordered to change 23 positions to consensus. 
All of the oligos were tested individually using oligo directed mutagenesis 
with single stranded DNA from clone luc78~0B10 as a template to determine 
which oligos gave an improvement in stability. Below is a table which lists the 
5 mutagenic oligos. 





OLIGO SYNTHESIS 
NUMBER 


A17toT 


6215 


M25 to L 


6216 


S36 to P; remove Nsi I 
site 


6217 


A101 to V, S105to N 


6218 


11 25 to V 


6219 


K139to Q 


6220 


V145 to I 


6221 


V194to 1 


6222 


VZUo TO L, o.cU4 to H 


6231 


A216toV 


6232 


A229 to Q 


6233 


M249 to T (reversion) 


6234 


T266 to R, K270 to E 


6235 


E301 to D 


6236 


N333 to P, F334 to G 


6237 


R356 to K 


6238 


I363 to V 


6246 


A393 to P 


6247 


R417toH 


6248 


G482 to V 


6249 


N492 to T 


6250 


F499 to Y, S501 to A 


6251 


L517toV 


6252 


F537 to L 


6253 



*Note that oligo #6234 does not change a consensus position. This oligo causes a 
reversion of position 249 to the wild-type PPE-2 codon. Although reversion of 
1° this position was shown to increase thermostability, reversion of this position 

decreased light output. 
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Oligonucleotide-directed mutagenesis with clone Iuc78-0B10 as a template: 

Based on the results of individually testing the mutagenic oligonucleotides 

listed above, three experiments were completed and oligos for these 

experiments were divided in the following manner: 

a. 6215,6234,6236,6248 (found to give increased stability) 

b. 

21 5,62 1 7,62 1 8,621 9,6220,622 1 ,6222,623 1 ,6233,6234,6236,6238,6247,6248,6 
249,6251,6253. 

(found to be neutral or have increased stability.) 
c. All 23 oligos. 

Selections from the three experiments listed above were screened with the 
robotic screening procedure (Experiment 84). (Iuc78-0BI0 used as a control). 
Selections from experiment 84 were recombined using the recombination 
mutagenesis procedure and then screened with the robotic screening procedure 
(Experiment 85). 

Single stranded DNA was prepared from three (3) clones, luc85-3E12 y luc85- 
4FJ2 9 Iuc85-5A4. These clones were used as templates for oligonucleotide- 
directed mutagenesis to improve codon usage. Positions were selected based 
upon a codon usage table published in Nucleic Acids Research vol. 18 
(supplement) 1990. page. 2402. The table below lists oligos that were used to 
improve codon usage in E, colt 



Description 


Oligo synthesis # 


L7-(tta-ctg), remove Apa 1 


6258 


site 




L29-(tta-ctg) 


6259 


T42-(aca-acc) 


6260 


L51 ,L56-(tta-ctg),L58-(ttg- 


6261 


ctg) 




L71-(tta-ctg) 


6262 


L85-(ttg-ctg) 


6263 


L95-(ttg-ctg),L97(ctt-ctg) 


6273 
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L1 1 3, L1 1 7-(tta-ctg) 


6274 


L1 51 ,L1 53-(tta-ctg) 


6275 


L163-(ctc-ctg) 


6276 


R187-(cga-cgt) 


6277 


L237-(tta-ctg) 


6279 


R260-(cga-cgc) 


6280 


L285,L290-(tta-ctg), L286- 
(ctt-ctg) 


6281 


L308-(tta-ctg) 


6282 


L318-(tta-ctg) 


6283 


acc) 


6284 


L380-(ttg-ctg) 


6285 


L439-(tta-ctg) 


6286 


L456-(ctc-ctg),L457-(tta-ctg) 


6293 


T506-(aca-acc) ,L51 0-(cta- 
ctg) 


6305 


R530-(aga-cgt) 


6306 



6. In the first experiment, the three templates listed above from Experiment 85 
were combined and used as a templates for oligonucleotide-directed 
mutagenesis. All of the oligos were combined in one experiment and clones 
5 resulting from oligonucleotide-directed mutagenesis were screened using the 

robotic screening procedure as Experiment 88. There were a low percentage of 
luminescent colonies that resulted from this experiment, so another 
oligonucleotide-directed mutagenesis experiment was completed in which the 
oligonucleotides were combined in the following groups: 

10 

a. 6258,6273,6280,6286 

b. 6259,6274,6281,6293 

c. 6260,6275,6282,6294 

d. 6261,6276,6283,6305 
15 e. 6262,6277,6284,9306 

f. 6263,6279,6285 
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7. It was discovered that samples from group b had a low amount of luminescent 
colonies, and it was hypothesized that one of the oligos in group b was 
causing problems. Selections were made from all of the experiments with the 
exception of experiment b. Samples were then run through the robotic 

5 screening procedure (Experiment 89). 

8. Selections from Experiments 88 and 89 were shuffled together with the 
recombination mutagenesis protocol and were then screened with the robotic 
screening procedure (Experiment 90), 

10 MATERIALS AND METHODS 

A. Mutagenesis Protocol 

The mutant luciferases disclosed herein were produced via random 
mutagenesis with subsequent in vivo screening of the mutated genes for a plurality 
of characteristics including light output and thermostability of the encoded 
15 luciferase gene product The mutagenesis was achieved by generally following a 

three-step method: 

1. Creating genetic diversity through random mutagenesis. Here, error- 
prone PCR of a starting sequence such as that of Luc was used to create 
point mutations in the nucleotide sequence. Because error-prone PCR 

20 yields almost exclusively single point mutations in a DNA sequence, a 

theoretical maximum of 7 amino acid changes are possible per nucleotide 
mutation. In practice, however, approximately 6.1 amino acid changes per 
nucleotide is achievable. For the 550 amino acids in luciferase, 
approximately 3300 mutants are possible through point mutagenesis. 

25 2. Consolidating single point mutations through recombination 

mutagenesis. The genetic diversity created by the initial mutagenesis is 
recombined into a smaller number of clones by sPCR This process not 
only reduces the number of mutant clones, but because the rate of 
mutagenesis is high, the probability of linkage to negative mutations is 

30 significant. Recombination mutagenesis unlinks positive mutations from 
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negative mutations. The mutations are "re-linked" into new genes by 
recombination mutagenesis to yield the new permutations. Then, after re- 
screening the recombination mutants, the genetic permutations that have 
the "negative mutations" are, eliminated by not being selected. 
5 Recombination mutagenesis also serves as a secondary screen of the initial 

mutants prepared by error-prone PGR. 
3. Broadening genetic diversity through random mutagenesis of selected 
codons. Because random point mutagenesis can only achieve a limited 
number of amino acid substitutions, complete randomization of selected 

10 codons is achieved by oligonucleotides mutagenesis. The codons to be 

mutated are selected from the results of the preceding mutagenesis 
processes on the assumption that for any given beneficial substitution, other 
alternative amino acid substitutions at the same positions may produce 
even greater benefits. The positions to be mutated are identified by DNA 

15 sequencing of selected clones. 

B. Initial mutagenesis experiments 

Both the N-terminus and the C-terminus of the starting sequence were 
modified by oligonucleoti de-directed mutagenesis to optimize expression and 
remove the peroxisomal targeting sequence. At the N-terminus, nine bases 

20 downstream of the initiation CODON were randomized at the C-terminus, nine 

bases upstream of the termination CODON were randomized. Mutants were 
analyzed using an in vivo screen, resulting in no significant change in expression. 
Six clones from this screen were pooled, and used to mutate the codons for 
seven cysteines. These codons were randomized using oligonucleotide-directed 

25 mutagenesis, and the mutants were screened using the robotic screening 

procedure. From this screen, fifteen clones were selected for directed evolution, 

C Generating and Testing Clones 

Several very powerful and widely known protocols are used to generate 
and test the clones of the present invention. Unless noted otherwise, these 
30 laboratory procedures are well known to one of skill in the art. Particularly noted 
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as being well known to the skilled practitioner is the polymerase chain reaction 
(PCR) devised by Mullis and various modifications to the standard PCR protocol 
(error-prone PCR, sPCR, and the like), DNA sequencing by any method (Sanger's 
or Maxxam & Gilbert's methodology), amino acid sequencing by any method 
5 (e.g., the Edman degradation), and electrophoretic separation of polynucleotides 

and polypeptides/proteins. 

D* Vector Design 

A preferred vector (pRAM) used for the mutagenesis procedure contains 
several unique features that allow for the mutagenesis strategy to work efficiently: 
10 The pRAM vector contains a filamentous phage origin, fl, which is 

necessary for the production of single-stranded DNA. 

Two Sfil sites flank the gene. These sites were designed by so that the 
gene to be subcloned can only be inserted in the proper orientation. 
The vector contains a tac promoter. 
15 Templates to be used for oligonucleotide mutagenesis contain a 4 base-pair 

deletion in the bla gene which makes the vector ampicillin-sensitive. The 
oligonucleotide mutagenesis procedure uses a mutant oligonucleotide as well as an 
ampicillin repair oligonucleotide that restores function to the bla gene* This 
allows for the selection of a high percentage of mutants. (If selection is not used, 
20 it is difficult to obtain a high percentage of mutants.) 

E* Uses of Luciferases 

The mutant luciferases of the present invention are suitable for use in any 
application for which previously known luciferases were used, including the 
25 following: 

ATP Assays . The greater enzyme stability means that reagents designed 
for detection of ATP have a greater shelf-life and operational-life at higher 
temperatures (e.g. ? room temperature). Therefore, a method of detecting ATP 
using luciferases with increased thermostability, is novel and useful. 
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Luminescent labels for nucleic acids, proteins, or other molecules . 
Analogous to advantages of the luciferases of the present invention for ATP 
assays > their greater shelf-life and operational-life is a benefit to the reliability and 
reproducibility of luminescent label?. This is particularly advantageous for 
S labeling nucleic acids in hybridization procedures where hybridization 

temperatures can be relatively high (e.g. greater than 40°C Therefore, a method 
of labeling nucleic acids, proteins, or other molecules using luciferases of the 
present invention is novel and useful. 

Genetic reporter . In the widespread application of luciferase as a genetic 

10 reporter, where detection of the reporter is used to infer the presence of another 

gene or process of interest, the increased thermal stability of the luciferases 
provides less temperature dependence of its expression in living cells and in cell- 
free translations and transcription/translation systems. Therefore a method using 
the luciferases of the present invention, as genetic reporters is novel and useful. 

15 Enzyme immobilization . Enzymes in close proximity to physical surfaces 

can be denatured by their interaction with that surface. The high density 
immobilization of luciferases onto a surface to provide strong localized 
luminescence is improved by using high stability luciferases. Therefore, a method 
of immobilizing luciferases onto a solid surface using luciferases of the present 

20 invention, is novel and useful. 

Hybrid proteins . Hybrid proteins made by genetic fusion genes encoding 
luciferases and of other genes, or through a chemical coupling process, benefit by 
having a greater shelf-life and operationaMife. Therefore, a method of producing 
hybrid proteins through genetic means or chemical coupling using the luciferases 

25 of the present invention, is novel and useful. 

High temperature reactions . The light intensity of a luciferase reaction 
increases with temperature until the luciferase begins to denature. Because the use 
of thermostable luciferases allows for use at greater reaction temperatures, the 
luciferases of the present invention are novel and useful for performing high 

30 temperature reactions. 
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Luminescent solutions . Luminescence has many general uses, including 
educational, demonstrational, and entertainment purposes. These applications 
benefit from having enzymes with greater shelf-life and operational-life. 
Therefore, a method of making luminescent solutions using the luciferases of the 
5 present invention, is novel and useful, 

F* Firefly luciferase 

The firefly luciferase gene chosen for directed evolution was Luc isolated 
from Photuris pennsylvanica. The luciferase was cloned from fireflies collected in 
Maryland by Wood et al and later was independently cloned by Dr. Leach using 

10 fireflies collected in Oklahoma (Ye et al) (1977). A mutant of this luciferase 

(T249M) was made by Wood et al and used in the present invention because it 
produced approximately 5-fold more light when expressed in colonies of E. coli. 

r Overview of Evolution Process: Directed evolution was achieved through 
a recursive process, each step consisting of multiple cycles of 1) creating 

15 mutational libraries of firefly luciferase followed by 2) screening the libraries to 

identify new mutant clones having a plurality of desired enzymological 
characteristics. 

To begin the process, three mutational libraries were created using error- 
prone PCR (Fromant et al t 1995). Each library was screened first by visual 

20 evaluation of luminescence in colonies of E, colt (Wood and De Luca, 1987), and 

then by quantitative measurements of enzymological properties in E* coli cell 
lysates. Approximately 10,000 colonies were examined in the visual screen, from 
which 704 were selected for quantitative analysis. From each quantitative screen 
18 clones were selected. 

25 The three sets of 1 8 clones each were pooled together, and a new 

mutational library was created using DNA shuffling to generate intragenetic 
recombinations (sPCR; Stemmer, 1994), The results were screened to yield 
another set of 1 8 clones. The entire process was completed by combining this set 
of 18 clones with 18 clones from the previous round of evolution, creating another 

30 mutational library by DNA shuffling, and screening as before. 
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Screening method: In the qualitative visual screen, colonies were selected 
only for their ability to sustain relatively bright luminescence. The thermal 
stability of the luciferase within the colonies of E. coti was progressively 
challenged in successive rounds of evolution by increasing the temperature of the 
5 screen. The selected colonies were inoculated into wells of 96-well plates each 

containing 200^1 of growth medium. 

In the quantitative screens, lysates of the E* coli cultures were measured for 
1) luminescence activity, 2) enzyme stability, 3) sustained enzymatic turnover, and 
4) substrate binding. 

10 "Luminescence activity" was measured as the ratio of luminescence 

intensity to the optical density of the cell culture. 

"Enzyme stability" was determined by the rate of activity loss from cell 
lysates over 10 hours. In successive rounds of evolution the incubation 
temperature of the lysates was increased. 

15 "Sustained enzymatic turnover" was determined by the rate of 

luminescence loss of a signal enzymatic reaction over 10 hours at room 
temperature. "Substrate binding" was determined by the relative activity of the 
lysate when assayed with diluted substrate mixtures. Of these four parameters, the 
highest priority for selection was placed on thermostability. 

20 Robotic Automation. Robotic automation was used in the quantitative 

screens to accurately perform the large number of required quantitative assays on 
the cultured cells. Overnight cultures were first diluted into fresh medium and 
grown for 3 hours to produce cultures in mid-log phase growth. The optical 
densities of each cultures was then measured, and aliquots of the cultures were 

25 lysed by freeze/thaw and lysozyme. The resulting lysates were further diluted 

before analysis and incubated at elevated temperatures. Luminescence was 
measured from aliquots of the diluted lysates, taken at various times, and 
measured under various conditions as prescribed by the analytical method (see 
Example 2). Computer analysis of this data yielded the quantitative selection 

30 criteria described above. 
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Summary of evolutionary progression: After mutagenesis of the N- and 
C-termini, and randomization of the cysteine codons, a pool of 15 clones was 
subjected to two rounds of directed evolution as described herein. Five of the 18 
clones resulting from this process *v^ere sequenced to identify mutations. One of 
5 these clones designated, 49-7C6, was chosen for more detailed analysis and 

further mutagenesis. This clone contained 10 new amino acid substitutions 
compared to the luciferase Luc[T249M], 

To assess the potential for other amino acid replacements at the sites of 
these substitutions, oligonucleotide-directed mutagenesis was used to randomize 

10 these codons. The resulting clones were screened as described herein, and 18 

selected clones were used to initiate two new rounds of directed evolution. Of the 
18 clones resulting from this second set of rounds, the clone designated 78-0B10 
was chosen for additional study and mutagenesis. This clone encoded a luciferase 
that contained 16 new amino acid substitutions compared to Luc[T249M]. 

1 5 Using oligonucleotide directed mutagenesis with 78-0B 10 as the template, 

codons were selected for substitution to consensus amino acids previously known 
among beetle luciferases. Selections from this mutagenesis experiment were 
shuffled together and three clones, determined to be the most stable were then 
used as templates for oligonucleotide mutagenesis to improve codon usage in 

20 E. colt. A clone designated 90-1 B5 selected from this experiment, contained 28 

amino acid substitutions relative to Luc[T249M]. Out of 25 codons selected for 
change to consensus amino acids, 1 1 were replaced in the clone designated 90- 
1B5. Only five out of the 30 positions that were selected for improved codon 
usage were substituted and had little effect on enzyme expression. 

25 Protein purification The four mutants that are described herein 

(Luc[T249M] 3 49-7C6, 78-0B10, and 90-1B5) were purified using a previously 
published procedure (Hastings et al t 1996). 

Enzymological characterization Purified proteins were diluted in 
25mmol/L HEPES pH 7.8, 1 50mmol/L NaCl, O.lmmol/L EDTA, lmg/mL BSA, 

30 Enzyme stability was determined from diluted proteins incubated at different 

temperatures, and aliquots were removed at different time points. A linear 
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regression of the natural log of the luminescence and time was calculated. 
Half-life was calculated as the ln(0.5)/slope of the regression. 

E. PCR Mutagenesis Protocol (Random Mutagenesis): 
PCR mutagenesis reactions 
5 1 . Prepare plasmid DNA from a vector containing the gene of interest, 

estimate DNA concentration from a gel. 
2. Set up two 50 jil reaction reactions per group: 
There are three groups of mutagenic conditions using different skewed 
nucleotide concentrations. 
10 The conditions listed herein yield in the range of from 8-10% wild-type 

Luc colonies after subcloning phenotypic for each generated parent clone. The rate 
of mutagenesis is estimated by the number of luminescent colonies that are present 
after mutagenesis. Based upon results of clones mutated in the range of 8-10%, it 
was determined that this level of mutagenesis produces on average approximately 
15 2-3 amino acid changes per gene. If the mutagenesis rate is selected so that on 

average there is one amino acid change per gene, then on average 50% of the 
clones will have no mutations, (Bowie, et al, 199Q). 

For the master mix: add all components except polymerase, vortex, spin 
briefly, add polymerase, and mix gently. 

20 



Component AtoT/TtoA AtoC/TtoG Gtoa/CtoT 



Datp 


0.3mM 


O.lmM 


0.25mM 


Dctp 


2,75mM 


4mM 


ImM 


DGTP 


0.06mM 


0.02mM 


0.05mM 


DTTP 


0.625mM 


OJmM 


0.6mM 


*pRAMtailUP 


0.4 pmol/ul 


0.4 pmol/ul 


0.4 pmol/ul 


*pRAMtailDN 


0.4 pmol/ul 


0.4 pmol/ul 


0.4 pmol/ul 


*Taq. Polymerase 


lU/ul 


IU/ul 


IU/ul 


°MgCl 3 


6.77mM 


5.12mM 


2,7mM 


°MnCl 2 


0.5mM 


0.5mM 


OJmM 


DNA 


50ng total 


50ng total 


50ng total 
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Component 


AtoTmoA 




AtoC/TtoG 


Gtoa/CloT 


lOx PGR buffer 


IX 


IX 


IX 


Autoclaved nanopure 


ToSOul 


ToSOul 


ToSOul 



* Taq. Polymerase is purchased from Perkin Elmer (N808-0I0I). 
lOx Tag polymerase buffer (aliquot the Taq into 1 .5 ml tubes and store at -70°C): 
- lOQmM Tris-HCl pH8.4 from 1M stock 
5 - 500mM KCL 

Primers are diluted from a 1 nmol/jil stock to a 20 pmol/ working stock. 
pRAMtailup : 5 ' -gtactgagacgacgccagcccaagcttaggcctgagtg-3 ' 
pRAMtaildn: 5 * -ggcatgag cgtgaac tgac tgaact agcggccgccgag-3 * 
° MnCl 2 and MgCl 2 are made fresh from 1M stocks. The stocks are filter 
10 sterilized and mixed with sterile water to make the lOmM and 25mM stocks which 

are then stored in Polystyrene Nalgene containers at 4°C 

Cycle in thermal cycler: 94°C for lmin (94°C-lmin, 72°C-10min) lOx. 
3. Purify reaction products with Wizard PCR purification kit (Promega 
Corporation, Madison, Wisconsin, part#A718c): 
15 - transfer PCR reaction into a new tube containing Promega 100 (il 

Direct Purification buffer (Part#A724a) 

- add 1 ml of Wizard PCR Purification Resin (part# A718c) Promega 
and incubate at room temperature for lmin 

- pull resin though Wizard minicolumn 
20 - wash with 80% Ethanol 

spin in microcentrifuge to remove excess Ethanol 

- elute into 50 j^l sterile nanopure water (allow water to remain on 
column for at least 1 min) 
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Amplification Of Mutagenesis Reaction 

1 . Set up five 50 ml reactions per group: 

- To master mix: add all components except polymerase, vortex, 
spin briefly, add polymerase, mix gently. 

5 ° lOx reaction buffer for Native PFU contains 20mM MgC^, so no 

additional MgCl 2 needs to be added 
4* primers: 

pRAM 1 Sup -5*gtactgagacgacgccag-3 ' 
pRAM 1 9dn -5 'ggcatgagcgtgaactgac-3 ' 
10 Cycling conditions: 94-30 sec (94-20 sec, 65-1 min, 72-3 min) 25x 

(Perkin-Elmer Gene Amp® PCR System 2400) 

2. Load 1 \il on a gel to check amplification products 

3. Purify amplification reaction products with Wizard PCR purification kit 
(Promega Corporation, part#A718c): 

15 - transfer PCR reaction into a new tube containing 100 \il Direct 

Purification buffer (Promega, Part#A724a) 

- add 1 ml of Wizard PCR Purification Resin (Promega 
Part#A71 8c) and incubate at room temperature for 1 min 

- pull resin though Wizard minicolumn 
20 - wash with 80% Ethanol 

- spin in microcentrifuge to remove excess Ethanol 

- elute with 88 jjlI sterile nanopure water (allow water to remain on 
column for at least 1 min) 



1 This amplification step with PFU Polymerase was incorporated for 2 reasons: 

(a) To increase DNA yields for the production of large numbers of transformants. 

(b) To reduce the amount of template DNA that is carried over from the mutagenic 
PCR reaction: (Primers for the second amplification reaction are nested within the 
mutagenic primers. The mutagenic primers were designed with non-specific tails 
of 1 1 and 12 bases respectively for the upstream and downstream primers. The 
nested primers will amplify DNA that was previously amplified with the 
mutagenic primers, but cannot amplify pRAM template DNA,) 
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Subcloning of amplified PCR mutagenesis products 

1. Digest the DNA with Sftl as follows: 

- 2 pi Sftl (Promega Part #R639a) 

- 10 pi 10X buffer B (Promega Part #R002a) 

5 - 88 pi of DNA from Wizard PCR prep (see step 3 [in 

amplification]) 

- mix components and overlay with 2 drops of mineral oil; incubate 
at 50°C for 1 hour 

2. Remove salts and Sfi ends with Wizard PCR purification as described 
10 herein, and 

elute into 50 pi sterile nanopure water 

3. Ligation into pRAM (+/r) backbone (set up 4 ligations per group); 

- 0,025 pmol pRAM backbone 

- 0.05 pmol insert (usually in the range of 6 to 12 pi of insert) 
15 - 1 pi of T4 DNA Ligase (Ml 80a) 

- 2 pi of 1 Ox ligase buffer (C126b, divide into 25 pi aliquots, do not 
freeze/thaw more than twice) 

- water to 20 pi 

- ligate for 2 hours at room temperature 

20 - heat reactions for 15 min at 70 C to inactivate ligase 

Transformation and plating 

1, Butanol precipitate samples to remove excess salts (n-ButanoI from 
Sigma, St Louis, Missouri, part#BT-105): 

(if Ethanol precipitation is used instead of butanol awash with 70% 
25 ethanol as needed) (excess salt will cause arcing during the electroporation which 

causes the reaction to fail) 

- add water to 50 pi 

- add 500 pi of n-butanol 

- mix until butanol/ligation mix is clear and then spin for 20 min at 
30 room temperature 



50 



WO 99/14336 



PCT7US98/19494 



- drain butanol into waste container in fume hood 

- resu spend in 12 fj.1 water, spin 30 sec at full speed 

2. Preparation of cell/DNA mix (set up 4 transformations plus one with 
reference clone DNA): - , 
5 - while DNA is precipitating, place electroporation cuvettes on ice 

- fill 15 ml Falcon snap-cap tubes with 3 ml S.O.C. medium and 

place on ice 

- thaw JM109 electrocompetent cells on ice (50 fil per ligation 

reaction) 

10 - pipette 10 pi of the bottom layer from step I (or 0.5 \xl ref clone 

DNA) into competent cells 

(small amounts of butanol carry-over do not adversely effect the 
transformation efficiency) 

- place cell/DNA mix on ice 
15 3. Electroporation: 

- carry tubes, cuvettes, and cell/DNA mix on ice to electroporation 

device 

- pipette cell-DNA mix into a cuvette and zap. Instrument settings: 
Cuvette gap; 0,2 cm 

20 Voltage: 2.5 kV 

Capacitance :25 p,F 
Resistance:200 Ohms 
Time constant: 4.5 msec 

- pipette 1 ml SOC (contains KCL; media prep #KCLM) into 

25 cuvette* quickly pour into recovery tube (transformation efficiency is reduced if 

cells are allowed to sit in cuvette) 

- place the recovery tube on ice until all samples are processed 

- allow the cells to recover at 37°C for 30-60 min 

- plate on LB+amp plates with nitrocellulose filters 

30 ( # of colonies is -20% higher if cells recover 60 min, possibly due to cell 

replication. See 101305 p.65) 
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(Best colony density for screening is 500 per plate. For the current batch of 
cells plate -500 to 750^1) 

F. Recombination Mutagenesis Protocol or DNA shuffling: 

i 

« 

DNase I digestion of plasmid DNA 
5 1 . Prepare 2% low melting point gel 

- use 0.8g agarose in 40 ml (NuSieve #50082) 

- use large prep comb 

- make sure it is solidified prior to digesting 
2, Prepare 4 \ig of pooled plasmid DNA for digest 

10 3. Prepare 1 U/|il DNase dilution on ice according to the table below: 



DnaseT 


0.74 |xl 


lOx Dnasel buffer 


10 til 


1% gelatin* 


10 nl 


Water to 100 |il 





+ DNase I from Sigma (D5791) 

* Gelatin was added to keep the DNase 1 from sticking to the walls of the tubes* 
15 This dilution can be kept on ice for at least 30 min without loss in activity. 

4. Digest (set up at room temperature): 

prepare two digests with LOU and 1.5U DNasel per 100 jil reaction: 

- 10 \A of lOx DNase I buffer (SOOrnM Tris, lOmM MgC12 pH 7.8) 

- x jil DNA ( 2j^g of pooled plasmid DNA from step 2) 
20 - 1 or 1.5 |il of the l\J/\i\ enzyme dilution 

- sterile nanopure water to 100 jxl 

- incubate at room temperature for 10 minutes 

- stop reaction with 1 \ii of 1 OOmM CDT A 

Purification from agarose gel 
25 1 , Run DNase digested fragments on gel 
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- add 10 pJ of lOx blue juice to each DNase I digest 

- load alt on a 2% Low melting point agarose gel 

- run about 30 min at 120-1 50V 

- load pGEM DNA rqarker in middle lane 
5 2. Isolate fragments 

- cut out agarose slice containing fragments in the size range of 600- 
1 OOObp using a razor blade 

- cut into pieces that weigh ~-0.3g 

- melt the gel slices at 70°C 

10 - add 300 jil of Phenol (NaCI/Tris equilibrated) to the melted 

agarose, vortex for -1 min at max speed 

» spin for 10 min at 4°C (the interface is less likely to move around 
if it is done at 4°C) 

- remove the top layer into a tube containing an equal volume of 
15 Phenol/Chloroform/Isoamyl (saturated with 300mM NaCI /l OOmM Tris pH 8.0), 

vortex and spin for 5 min at RT 

- remove the top layer into a tube containing chloroform and vortex 

and spin. 

- remove the top layer into a tube with 2 vol. of 95% cold Ethanol; 
20 place in -70°C freezer for 10 min (no additional salts are needed because of the 

High Salt Phenol) 

- spin at 4°C for 15 minutes. 

- wash with 70% Ethanol, drain and air dry for -10 min 

- resuspend in 25 to 50 jxl of sterile nanopure water 
25 - store at -70°C until ready for use 

Assembly reaction 

Set up 4 reactions and pool when completed 
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Component Concentration Amount in ill Final concentration 



dAXP 


10 mM 


1 


200 mM 


dCTP 


10 mM 


1 


200 jjM 


dGTP 


10 mM 


1 


200 pM 


dTTP 


10 mM 


1 


200 pM 


DNA* 




5 




Tli 


3U/m1 


0_4 


0.24 U/pl 


10X Thermo buffer 


10X 


5 


IX 


MgCl 2 


25mM 


4 


2mM 


gelatin 


1% 


5 


0,1% 


water 




To 50*11 





* Because the DNA used for this reaction has been fragmented, it is 
difficult to estimate a concentration. The easiest way is to load 5 |il of the DNasel 
digested DNA to an agarose gel and run the gel until the dye enters the wells (1-2 
min). Fragments from a typical 2\ig DNA digest which were resuspended in 100 
5 pi of water will give a DNA concentration of -1 to 10 ng/pl. See 101284 p,30 for 

a photo of this type of gel. 

Cycling conditions: 94-30sec [94-20sec, 65-1 min, 72-2min] 25x (Program 
6fi assembly-65", runs -2.5 h) 

Amplification of assembly 
10 Usually 5 amplification reactions will produce enough DNA for a full 8 

plate robotic run 



Component Concentration Amount in nl Final concentration 



Datp 


10 mM 


1 


200 pM 


dCTP 


10 mM 


1 


200 mM 


dGTP 


10 mM 


1 


200 mM 


dTTP 


10 mM 


1 


200 pM 


pRAMtailup* 


20 pmol/^l 


2 


0,8 pmol/|jl 


pRAMtaildn* 


20 pmol/ti] 


2 


0.8 pmol/nl 


PFU native polymerase* 


2U/|il 


1 


0.0 4U/^1 


lOx native PFU buffer 0 


Ix 


5 


lx 
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DNA 




5 




water 




water to SO |il 





* Note that the concentration of primers is twice as high as in a typical 
amplification reaction. 

c The PFU 10X buffer contains 20mM MgC12, so it is not necessary to add 
5 MgC12. 

. + PFU is ordered from Stratagene part #600135, 
Cycling conditions: 94-3 Osec [94-20sec, 65-1 min, 72-3 min] 25x 

Subcloning of assembly amplification 

1 . Purify amplification products with Wizard PCR purification; 
10 - pool 5 amplification reactions 

- transfer into a new tube that contains 100 j^l of Direct Purification 

buffer 

- add 1 ml of Wizard PCR Purification Resin, incubate at RT for 1 

min 

15 - pull Resin though Wizard mini column 

- wash with 80% ethanol and spin in microcentrifuge to remove 

excess ethanol 

- elute with 88 jjlI of sterile nanopure water (allow water to remain 
on column for at least 1 min) 

20 2. Digest with Sfil: 

- 2 nl Sfil 

- 10 nl lOx buffer B 

- 88 [il of DNA from Wizard PCR prep 

- mix components and overlay with 2 drops of mineral oil; incubate 
25 at 50°C for 1 hour 

3. Band isolation: 

Sometimes after amplification of the assembly reaction a band that is 
smaller than the gene-sized fragment is produced. This small fragment has been 



55 



WO 99/14336 



PCT/US98/19494 



shown to subclone about 10-fold more frequently than the gene sized fragment if 
the sample is not band isolated. When this contaminating band is present, it is 
necessary to band isolate after Sfi I digestion. 

- load the DNA to a Q.7% agarose gel 

5 - band isolate and purify with the Gene Clean kit from Bio 101 

- elute DNA with 50 \il sterile nanopure water, check concentration 
on gel (This type of purification with standard agarose produced the highest 
number of transformants after subcloning. Other methods tried: Low melt with 
Phenol chloroform, Gene clean with low melt, Wizard PCR resin with standard 

10 agarose, Pierce Xtreme spin column with Low melt (did not work with standard 

agarose)). 

4. Ligate into pRAM [+/r] backbone: (See ligation and transformation 
protocol above) 

Large scale preparation of pRAM backbone 

15 1 . Streak an LB amp plate with pRAMMCS [+/r] (This vector contains a 

synthetic insert with a SacTl site in place of a gene. It can be found in 
-70°C in box listed pRAM glycerol stocks position b2. This vector 
contains the new ribosome binding site, but it will be cut out when the 
vector is digested with Sfil. 

20 2. Prepare a 10 ml overnight culture in LB supplemented with amp. 

3. The next day inoculate 1L of LB supplemented with amp and grow for 
16-20 hours, 

4, Purify the DNA with the Wizard Maxi Prep kit. (use 4 preps for 1L of 
cells) 

25 5. Digest the Plasmid with Sfil. (Use 5U per microgram) Overlay with 

mineral oil and digest for at least two hours. 

6. Ethanol Precipitate to remove salts. Resuspend in water, 

7. Digest with SacII for 2 hours, (keep digest volume to 2 ml or less). 

It is possible that part of the plasmid could be partially digested. If the 
30 vector is cut with an enzyme that is internal to the two Sfil sites, it will 
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keep the partially digested fragments from joining in a ligation 
reaction, 

8. Load entire digest onto a column (see 9). The volume of the sample 
load should not be more than 2 ml. If it is it will be necessary to 
ethanol precipitate. 

9. The column contains Sephacryl s-1000 and is stored with 20% ethanol 
to prevent bacterial contamination. Prior to loading the sample the 
column must be equilibrated with cold running buffer for at least 24 
hours. If the column has been sitting more than a couple of months it 
may be necessary to empty the column, equilibrate the resin 3-4 
washes in cold running buffer, and then re-pour the column. After the 
column is poured it should be equilibrated overnight so that the resin 
is completely packed. 

10. Collect fractions of --0,5ml. Typically the DNA comes off between 
fractions 25 and 50. Load a five jil aliquot from a range of fractions 
to determine which fractions contain the backbone fragment. The 
small insert fragment will start to come off the column before all of 
the backbone is eluted, so it will be necessary to be conservative when 
fractions are pooled. For this reason typically 40-60% of the DNA is 
lost at this step. 

1 1 . Pool the fractions that contain the backbone, 

12. Ethanol precipitate the samples. Resuspend in a volume that produces 
-10-50 ng/ \il 

13. Store at -70°C. 

Column running buffer: (store at 4°C) 

SmMEDTA 

lOOmMNaCl 

50 mM Tris-HCL pH 8,0 

10 jig/ml tRNA (R-8759) 
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H. Oligonucleotide Mutagenesis: 

Prepare Ampicillin-sensitive Single stranded DNA of the template to be mutated. 
Design a mutagenic primer that will randomly generate all possible amino acid 
5 codons. 

Mutagenesis reaction: 



Component 


Final concentration 


Single Stranded Template 


O.OSpmol 


Mutagenic Oligo 


1.25pmol 


Ampicillin Repair Oligo {Promega q63 la) 


0.25pmol 


LOX annealing buffer 


IX 


Water to 20 ul 




* Annealing buffer: 

-200mM Tris-HCl, pH 7,5 
-lOOmM MgC12 
-SOOmMNaCl 




Heat reaction at 60°C for 1 5 minutes and then immediately place on ice. 
Synthesis reaction: 


Component 


Amount 


Water 


5ul 


10X synthesis buffer 


3ul 


T4 DNA Polymerase (Promega m421a) 


lul(10 Units) 


T4 DNA Ligase (Promega 180a) 


1 ul (3 Units) 



•Synthesis buffer 

lOOmM Tris-HCl, pH 7.5 
5mM dNTPs 
20 10mM ATP 

20mM DTT 
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Incubate at 37C for 90 minutes. 

Transform into Mut-S strain BMH 71-18 (Promega strain Q6321) 
-Place Synthesis reaction in a 17X1 00mm tube. 
-Add BMH 71-18 competent cells that have been thawed on ice to 
5 synthesis reaction. 

-Incubate on ice for 30 min 

-Heat Shock cells at 42°C for 90 seconds. 

-Add 4 ml of LB medium and grow cells at 37C for 1 hour. Add 
Ampicillin to a final concentration of 1 .25ug/ml and then grow overnight at 37°C. 
10 Isolate DNA with Wizard Plus Purification system (Promega a7 1 00) 

Transform isolated DNA into JM109 electro-competent cells and transform 
onto LB Ampicillin plates. 

I* Screening procedure: 

XM109 clones (from a transformation reaction) are plated onto 
15 nitrocellulose filters placed on LB amp plates at a screening density of -500 

colonies per plate. 

As listed in the Random Mutagenesis procedure, approximately 10% of the 
clones to be selected will have to be as stable as the same sequenced or better than 
source. Or stated another way, -50 colonies per plate will be suitable for 
20 selection. There are 704 wells available for a full eight plate robotic run, so at 

least 15 LB amp plates will be needed for a full robotic run. 

After overnight growth at 37°C the plates contains the transformants are 
removed from the incubator and placed at room temperature. 

The nitrocellulose filter is lifted on one side and 500 \il of lOmM IPTG is 
25 added to each of the plates. The filter is then placed back onto the plate to allow 

diffusion of the IPTG into the colonies containing the different mutant luciferase 
genes. The plates are then incubated for about 4 hours at room temperature. 

One (1) ml of a solution contains ImM Luciferin and lOOmM Sodium 
Citrate is pipetted onto a slide warmer that is set at 50°C. A nitrocellulose filter 
30 that contains mutant luciferase colonies and has been treated with IPTG is then 
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placed on top of the luciferin solution. After several minutes, the brightest 
colonies are picked with tooth picks which are used to inoculate wells in a 
microtiter plate that contain M9- minimal media with 1% gelatin. 

After enough colonies are pipked to 8 microtiter plates, the plates are 
5 placed in an incubator at 350rpm at 30°C incubation and are grown overnight. 

In the morning the overnight plates are loaded onto the robot and the cell 

dilution procedure is run. (This procedure dilutes the cultures 1:10 into induction 

medium). The new plates are grown for 3 hours at 350rpm at 30°C. 

After growth, the plates are loaded to the robot for the main assay 
10 procedure. 

Minima! Media: 

6g/LiterNa2HP04 
3g/Liter KH2P04 
0,5g/LiterNaCl 
15 lg/LiterNH4Cl 
2mM MgS04 
O.lmM 

1 mM Thiamine-HCl 
0.2% glucose 
20 1 2ug/ml Tetracycl ine 

lOOug/ml ampicillin 

♦Overnight media contains 1% gelatin 
♦Induction media contains ImM IPTG and no gelatin. 
25 S.O.C Media 

-WmMNaCl 
-ZSmMKCJ 
-20mMMgCI 
-20mM glucose 
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-2% bactotrypione 
-0.5% yeast extract 
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TABLE 1: Parameters Characterizing Luciferases of Clones Derived for 
Various Experiments 



Control is 
PPE-2 39- 
5B10at51C. 



Experiment 


Clone 
ID 


Li 


tau 


Km 


S 


40 


0a7 


1.04 


4.5 


0.78 


1 


40 


5h4 


1.29 


1.61 


1.16 


0.953 


40 


0c2 


1.13 


1.54 


0.91 


0.998 


40 


5g4 


1 


1.4 


0.85 


1 


40 


6d3 


1.02 


1.37 


0.79 


1 


40 


1g4 


1.06 


1.28 


0.77 


0.985 


40 


1d4 


1.69 


1.23 


0.73 


1 


40 


0h9 


1.26 


1.21 


0.63 


0.998 


40 


2f6 


3 


1.07 


0.49 


0.981 


40 


7d6 


3.09 


1.058 


1.09 


1.013 


40 


5a7 


4.3 


1.025 


0.93 


1.008 


40 


4c8 


1 


1 


0.33 


1.004 


Experiment 


Clone 
ID 


Li 


tau 


Km 


S 


A A\ 

41 


7h7 


0.73 


2.4 


2.1 


0.995 


A A 

41 


5a5 


0.77 


1.93 


2.7 


1.002 


A A\ 

41 


2c12 


1.06 


1.7 


0.91 


1.003 


A A 

41 


6e5- 


1.16 


1.62 


1.53 


0.997 


41 


4e5- 


1 .uo 


1 .Of 


1 A 


-t t\F\A 


41 


6g7 


1.3 


1.27 


1.39 


0.999 


41 


1h4 


1.36 


1.24 


0.56 


0.994 


41 


0c11 


4.1 


1.23 


1.24 


0.996 


41 


2h9 


5.3 


1.01 


0.83 


0.986 


42 


6b10 


0.97 


3.6 


0.97 


0.997 


42 


1c3 


0.91 


2.1 


0.6 


0.998 


42 


7h9 


0.8 


1.8 


0.8 


0.982 


42 


6b2 


0.77 


1.72 


0.8 


0.978 


42 


6d6 


0.83 


1.7 


0.733 


0.975 


42 


4e10- 


0.77 


1.63 


1.8 


0.954 


42 


1b5 


0.83 


1.41 


1.05 


0.955 


42 


6e6- 


0.71 


1.16 


0.89 


0.955 


42 


3a9 


0.85 


1.3 


0.86 


0.997 


42 


6b6 


2.7 


1.3 


0.91 


1.02 
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42 


6e9- 


1.5 


1.27 


0.98 


1.01 


42 


3h11 


1.73 


1.21 


0.63 


0.985 


42 


1a2 


1.11 


1.17 


0.77 


1.005 


42 


3f7 


0.49 


1.16 


1.13 


0.944 


42 


1a4 


2 


1.01 


0.76 


0.996 



Control is 
PPE-2 40- 
0A7 at 54C 



Experiment Cione Li tau Km S 
ID 


46 


2h3 


0.86 


6.4 


0.37 


0.96 


46 


4a9 


0.67 


5.7 


0.66 


0.997 


46 


2g4 


0.65 


5.3 


0.78 


0.96 


46 


5d12 


0.94 


4.9 


0.94 


1.002 


46 


1h11 


1.02 


4.8 


0.84 


0.998 


46 


5a 10 


1.23 


4.4 


0.81 


0.9842 


46 


0a8 


1.35 


4.3 


0.89 


1 


46 


4d3 


0.51 


3.6 


0.65 


0.975 


46 


2a3 


1.17 


2.9 


0.57 


0.988 


46 


3b11 


1.39 


2.5 


0.63 


1.02 


46 


7g12 


1.49 


2.5 


0.91 


1.02 


46 


0p9 


1.86 


2.25 


0.5 


0.998 


46 


7h8 


1.07 


1.36 


0.52 


0.99 


46 


198 


0.3 


1.31 


0.72 


0.92 


46 


1d3 


1.74 


1.13 


1.02 


1.001 


46 


0c3 


1.68 


1.01 


0.74 


1.01 


46 


5c11 


0.82 


1.01 


0.6 


0.95 


Control is 
PPE-2 46- 
2h3 at 54. 

Experiment Clone Li tau Km S 
ID 


49 


6c10 


0.57 


2.2 


0.98 


1 


49 


7c6 


1.12 


1.9 


0.93 


1.01 


49 


0g12 


1 


1.58 


0.69 


1.08 


49 


7a5 


1.08 


1.44 


1.1 


0.99 


49 


1f6 


0.66 


1.13 


1.04 


1.006 


49 


0b5 


0.76 


1.07 


1.03 


0.98 


49 


4a3 


0.94 


1.06 


0.77 


1 
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Control is 
PPE-2 49- 
7C6at56C 



Exoeriment 


Clone 
ID 


Li 

■ 


tau 


Km 


s 


56 


2d12 


0.97 


2.9 


0.29 


1.006 


56 


5g10 


1.01 


2.77 


0.64 


1.007 


56 


3d5 


1.32 


2.25 


1.85 


1.03 


Experiment 


Clone 
ID 


Li 


tau 


Km 


S 


Of 


oul 


1 -Uo 


z.y 


1 .UO 


1.02 


Of 


og iz 


A 
J 


Z. f 


n D7 


\ .UU4 


Of 






Z.O 


u,y*5 


1 ,U14 


Of 


OT i U 


n to 
U. t z 


i .y 


U.o4 


1 .Uo 


Of 


IcD- 


U.o4 




u.ytw 


U.yo/ 1 


Of 




u.y** 




U.Oo 


u.yyi 


Of 


zao 


i .Uo 


-1 HQ 


u.oy 


u.yy/o 


FxDerirnent 

* * r - 1 1 1 1 1 9 ill 


Clone 
ID 


Li 


tan 




c 
o 


58 


1a6 


1 57 


8 9 


1 78 




58 


0a5 


1 53 


8 5 




1 ns 


58 


1b1 


0 84 


8 *i 


n fi 




58 


3g1 


1 


7.34 


0.62 


1.006 


58 


0f3 


1.31 


6.9 


0.57 


0.98 


58 


3e12- 


1.06 


6.3 


0.47 


0.996 


58 


0c7 


1.9 


4 


0.64 


1.06 


58 


0d1 


1.03 


3.76 


0.49 


1.03 


58 


3c7 


1.49 


3.4 


0.55 


1.04 


58 


2a2 


1.4 


2.2 


0.5 


1.05 


58 


2a8 


3.2 


2 


0.81 


1.05 


58 


0f2 


2.2 


1.92 


0.45 


1.04 


58 


1b4 


5.1 


. 1.87 


1.08 


1.09 


58 


2b3 


2.7 


1.55 


0.57 


1.04 


58 


4g1 


4.9 


1.2 


0.72 


1.06 



Control is 
PPE-2 58- 
0A5 at 58C 
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Experiment 


Clone 
ID 


Li 


tan 


Km 


s 


61 


4e9- 


1.03 


1.84 


0.76 


1.01 


61 


1f1 


1.02 


1.43 


0.7 


1 


61 


2e12- 


1.56 


1.34 


0.48 


1.003 


61 


2f2 


1.5 


1.3 


0.32 


1.01 


61 


6b4 


1.2 


1.26 


0.88 


0.98 


61 


4c10 


1.46 


1.12 


1.06 


0.99 


61 


4g11 


1.31 


1.03 


1.43 


1.03 


61 


2f1 


1.41 


1.02 


0.79 


0.995 


61 


2g1 


1.3 


1 


1.17 


1 


Experiment 


Clone 
ID 


Li 


tau 


Km 


s 


65 


6g12 


0.87 


2.3 


0.73 


0.9605 


65 


1h6 


0.84 


2.2 


1.62 


0.9598 


65 


7f5 


1.2 


1.56 


2.07 


1 .0087 


65 


5g5 


2.3 


1.49 


0.45 


0.9985 


65 


7h2 


1.56 


1.27 


0.91 


1 .0658 


65 


7b2 


1.98 


1.16 


0.6 


0.9289 


65 


0g9 


1.36 


1.09 


1.46 


0.9927 


65 


6c7 


1.48 


1.06 


0.86 


0.9967 


65 


1e12- 


1.59 


1.05 


1.03 


0.9582 


65 


4e2- 


1.21 


1.05 


1.11 


0.943 


65 


6a10 


1.7 


1.04 


0.93 


0.992 


65 


4b9 


1.48 


1.04 


1.61 


1.0009 


65 


6c1 


1.36 


1.02 


0.72 


0.9978 



Experiment 


Clone 
ID 


Li 


tau 


Km 


S 


68 


2g6 


1.39 


3.9 


1.17 


0.9955 


68 


4g3 


2 


2.5 


0.27 


0.9927 


68 


5a3 


1.04 


1.64 


0.65 


0.8984 


68 


2b7 


1.04 


1.64 


5.2 


0.9237 


68 


5d10 


2.75 


1.36 


0.73 


1.0078 


68 


7d12 


1.85 


1.32 


0.66 


1.0084 


68 


7b9 


1.8 


1.19 


0.56 


1.0052 


68 


7b3 


1.2 


1.16 


0.55 


0.9951 


68 


1g10 


1.48 


1.05 


1.22 


1.0025 


Experiment 


Clone 


Li 


tau 


Km 


S 
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ID 



70 


2a7 


1.94 


4.6 


0.7 


1.0015 


70 


3d6 


3.5 


4.2 


0.18 


1.03 


70 


4f8 


1.87 


4.2 


0.69 


0.9979 


70 


7h5 


2.4 


2.6 


0.18 


1 


70 


5h6 


3.1 


2.3 


0.6 


0.999 


70 


7d6 


3 


2.2 


2.29 


0.9989 


70 


5a3 


3.1 


1.5 


0.18 


1.0058 


70 


7d2 


2.5 


1.4 


0.66 


1.0126 


70 


3h7 


3.2 


1.22 


0.23 


1.002 


70 


0h5 


2.5 


1.15 


0.36 


0.9992 


70 


0d7 


1.86 


1 


1.83 


0.993 


70 


ig12 


2.42 


1 


0.26 


0.965 


Experiment Clone Li tau Km S 
ID 


71 


1d10 


1.6 


4.5 


1.06 


1.0065 


71 


6f11 


1.8 


4.3 


0.98 


0.953 


71 


7h4 


3.4 


3.6 


0.56 


1 .0045 


71 


4h3 


3.1 


3.1 


0.42 


1.0171 


71 


1h5 


1.31 


3.01 


1.31 


0.9421 


71 


5e4- 


5.4 


2.3 


0.35 


0.994 


71 


5c1 


2.2 


2.3 


0.89 


0.9746 


71 


0h7 


3.6 


1.8 


0.59 


1.0197 


71 


6h9 


23.7 


1.71 


0.91 


1.0064 


71 


7e3- 


5.3 


1.7 


0.7 


1.0028 


71 


5d4 


11.1 


1.48 


0.35 


1.0213 


71 


2e3- 


4 


1.47 


0.45 


0.9654 


71 


6h11 


17.7 


1.15 


2.8 


1.0064 


71 


2e10- 


3 


1.1 


0.66 


0.9588 


71 


2g2 


4.4 


1.01 


0.44 


1.0046 



Control is 
PPE-2 71- 
5D4 at 60C 



Experiment Clone Li tau Km S 

ID 



72 


2g6 


0.38 


3.1 


1.58 


1 .0052 


72 


5f12 


0.81 


1.53 


1.02 


0.9678 


72 


0d7 


0.76 


1.44 


1.4 


0.9838 


72 


5c12 


0.87 


1.43 


1.04 


0.9718 


72 


1e1- 


1.04 


1.41 


1.15 


0.9956 


72 


5b12 


0.83 


1.41 


1.02 


0.9731 
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72 


Ob7 


1.11 


1.04 


0.91 


1.0049 


72 


3b4 


0.49 


1.03 


2.2 


0.9581 


Experiment 


Clone 
ID 


Li 


tau 


Km 


S 


73 


2h8 


0.85 


1.9 


1.08 


1.0123 


73 


4e6- 


0.95 


1.76 


0.94 


0.9939 


73 


3g8 


0.86 


1.53 


1.04 


1 


73 


1g3 


1.7 


1.14 


0.97 


0.9921 


Experiment 


Clone 
ID 


Li 


tau 


Km 


s 


74 


2a9 


0.96 


1.77 


0.86 


0.999 


74 


4e10~ 


0.8 


1.36 


1.33 


0.0989 
7 


74 


0d5 


1.69 


1.28 


0.61 


0.9927 


74 


6g7 


1.75 


1.07 


1.33 


1 .0022 


74 


5d8 


0.46 


1.06 


0.95 


0.899 


74 


5e7- 


1.22 


1.05 


0.87 


0.9977 


74 


6e1- 


1.19 


1.02 


0.96 


0.999 


Experiment 


Clone 
ID 


Li 


tau 


Km 


S 


76 


6c3 


2.3 


6.4 


1.2 


0.9865 


76 


2a9 


0.93 


4.7 


1.08 


0.999 


76 


3h9 


1.26 


2.6 


1.02 


0.9973 


76 


0b10 


1.52 


2.4 


1.4 


0.992 


76 


0h9 


1.71 


1.44 


1.05 


1.018 


76 


2e9- 


0.44 


1.15 


1.2 


0.9318 


76 


0e10- 


1.67 


1.1 


1.02 


1.014 


76 


0c1O 


1.13 


1.05 


1 


0.9974 


76 


3e8- 


1.35 


1.03 


1.1 


0.9894 


76 


0d12 


0.69 


1 


0.92 


0.932 


76 


Of 10 


0.62 


1 


1.2 


0.9478 


Experiment 


Clone 
ID 


Li 


tau 


Km 


S 


78 


1e1- 


0.54 


8.9 


1.15 


0.9877 


78 


0h7 


1.4 


5 


0.97 


1.014 


78 


0a6 


1 


4.3 


1.5 


0.9967 


78 


0b10 


1.93 


2 


1 


0.9926 


78 


Of 11 


1.6 


2 


0.91 


0.9905 


78 


3f1 


2.4 


1.7 


1.09 


0.9936 


78 


2b4 


1.97 


1.36 


0.98 


1.0094 


78 


5b3 


3.2 


1.19 


1.03 


0.9735 



67 



WO 99/14336 



PCT/US98/19494 



78 


2a12 


2.5 


1.03 


1 


1 0134 


78 


0h2 


1.6 


1 


1.15 


1.0168 


Control is 
PPE-2 78- 
0B10at62C 
Experiment 


Clone 
ID 


Li 


tau 


Km 


S 


82 


2g12 


0.9811 


2.09 


0.8851 


0.9939 


82 


4b9 


1 .0845 


1.8419 


0.8439 


1 .0078 


82 


0d1 


0.7622 


1.5171 


1.11 


0.9998 


82 


3g1 


0.8805 


1.504 


0.9629 


0.9927 


82 


1d1 


0.9741 


1.4497 


0.8936 


0.9986 


82 


1e8- 


0.8206 


1.4433 


0.9876 


0.9968 


82 


0h9 


1.1355 


1.3626 


0.9171 


1.0094 


82 


2c6 


1 .0931 


1.3402 


0.9482 


1 .0022 


82 


3g9 


1.0364 


1.251 


0.968 


1.0009 


82 


4h8 


0.8816 


1.1667 


0.9165 


1.0045 


82 


0a10 


1.0535 


1.1128 


1.0413 


1 


82 


4g1 


1 .4305 


1 .0862 


1.1734 


1 .0059 


Experiment 


Clone 
ID 


Li 


tau 


Km 


s 


84(121) 


6h7 


0.3755 


29.363 

9 


2.3636 


0 8905 


84(121) 


2h9 


0.4264 


•28.795 
8 


1.819 


0.904 


84(121) 


3f7 


0.4161 


25.305 
8 


1 .8079 


0.8988 


84(121) 


2h10 


0.9667 


14.465 
8 


0.8073 


0.9947 


84(121) 


3a2 


0.3329 


12.6 


2.5444 


0.855 


84(121) 


3a6 


1.2299 


7.2384 


0.7866 


1.0046 


84(121) 


5b12 


1.0535 


6.0315 


0.7824 


1.0056 


84(121) 


5a7 


1.0413 


4.9054 


0.8864 


1.0071 


84(121) 


3d2 


0.2032 


4.8 


2.4623 


0.7973 


84(121) 


2a9 


1.0847 


4.7486 


0.7746 


1 .0051 


84(121) 


5e11- 


1.1918 


4.0988 


0.872 


1.008 


84(121) 


7h2 


0.9115 


3.9929 


0.909 


1.0077 


84(121) 


3b5 


1.2014 


3.8251 


0.7509 


1.0086 


84(121) 


1f8 


1.07 


3.06 


0.8276 


1.0093 


84(121) 


2e2- 


1.4356 


1.9315 


0.7863 


1.0175 



Control is 



PPE-2 84- 
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3a6at64C 



Experiment 


Clone 
ID 


Li 


tau 


Km 


s 


85(86) 


2a2 


0.2266 


12.901 

3 


3.326 


0.8705 


85(86) 


4f12 


1.1167 


4.7851 


0.7439 


1.0092 


85(86) 


4e9- 


1.0869 


4.4953 


0.8539 


1 .0068 


85(86) 


1f11 


0.6994 


4.0976 


0.842 


1.0124 


85(86) 


5a4 


1 .2273 


4.09 


0.9683 


1.0098 


85(86) 


3e10- 


0.8902 


3.5342 


0.8106 


1 .0069 


85(86) 


3e12- 


1.0512 


3.4883 


0.853 


1.0054 


85(86) 


5e4- 


0.9562 


3.3886 


1.0328 


1.0069 


85(86) 


0e6- 


0.1494 


3.0145 


3.6293 


0.8269 


85(86) 


6b1 


0.7615 


2.5712 


0.8695 


1 .0055 


85(86) 


6h7 


1.0285 


2.5401 


0.8963 


1 .0057 


85(86) 


4b11 


0.9816 


2.3899 


0.7927 


1 .0063 


85(86) 


6d7 


1 1087 

III v\J t 


2 0607 


0 9042 


1 0088 


85f86) 


2e10- 


0.3028 


2 0603 


1 9649 


0 8738 


85(86) 


2a9 


1.448 


1.1819 


0 9722 


1 0046 


Control is 
PPE-2 85- 
4f12at65C 
Experiment 


Clone 
ID 


Li 


tau 


Km 


s 


88 


3d 


1.4439 


2.0938 


0.9874 


0.9976 


88 


6g1 


1.0184 


1.2665 


1.2184 


1.0019 


88 


3e4- 


1.331 


1.0996 


1.0669 


0.9983 


Experiment 


Clone 
ID 


Li 


tau 


Km 


S 


89 


1a4 


1.2565 


2.4796 


1.0338 


0.997 


89 


3b1 


0.7337 


1 .9976 


0.9628 


1 .0001 


89 


2b12 


1.0505 


1.8496 


1.0069 


1.0012 


89 


0b5 


1.5671 


1.1362 


1.0912 


0.9995 


89 


1f1 


1.378 


1.1018 


0.9804 


0.996 


89 


2f1 


1.4637 


1.0894 


0.9189 


0.9992 


Experiment 


Clone 
ID 


Li 


tau 


Km 


S 


90 


Ofl 


1.4081 


1 .3632 


1.027 


0.9987 


90 


1b5 


1.4743 


1.1154 


1.0812 


1.0011 


90 


6g5 


1.2756 


1.0605 


1.0462 


1.0012 


90 


SeS- 


1.0556 


1.0569 


1.1037 


1.0011 
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90 


4e3- 


1.2934 


1.0291 


1 .0733 


1.0002 
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TABLE 2: Stability Of Luciferase Activity At Different Temperatures (Half- 
Life In Hours) 





Room 
Temperature 


37°C 


50°C 


60° 


Luc[T249M} 


110 


' 0.59 


0.01 




49-7C6 


430 


68 


31 


6.3 


78-0B10 


3000 


220 


47 


15 
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TABLE 3: Michaelis-Menten Constants for Mutants Created by Directed 
Evolution 





Km-luciferin 


K m -ATP 


Luc[T24] 


0.32fiM 


18 M M 


49-7C6 


0.99fiM 


14^M 


78-0B10 


\.6pM 


3.4jjlM 


90-1B5 


2.2^iM 


3.0fiM 
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TABLE 4: 



Components Concentration Amount in 50\i Final concentration 



DATP 


10 mM 




0.2mM 


DCTP 


10 mM 


-J 


0.2 mM 


DGTP 


10 mM 




0.2 mM 


DTTP 


10 mM 




0.2 mM 


H-pRAMlSup 


20pmol/jxl 




0.4 pmoV^I 


+pRAM19dn 


20 pmol/jxl 




0.4 pmol/u.1 


PFU 


2U/ul 




0.04 u/^tL 


°10x buffer 


lOx 


5 


lx 


DNA 




10 from purified wiz. 




Water 




24.6 
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TABLE 5; Summary of Evolutionary Progression 

© Start with LucP/*?2[T249M] 

© Mutate 3 amino acids at N- and C-termini 

© Mutate 7 cysteines 

O Perform two iterations of evolution -» Luc4P- 7C6 

© Mutagenesis of altered codons (9) 

© Two iterations of evolution -» Luc78-0B1Q 

© Mutagenesis of consensus codons (28) 

© Mutagenesis of codon usage (24) Luc90-JB5 
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TABLE 6: One Iteration of Recursive Process 

O 1 clone ^ 3 libraries using error-prone PCR 

• 3 x Visual screen (-10,000 clones each) 

• 3 x Quantitative screen (704) clones each) 
© 3x18 clones library using sPCR 

• Visual screen (-10,000 clones) 

• Quantitative screen (704 clones) 
© 18 + 18-* library using sPCR 

■ Visual screen (-10,000 clones) 

• Quantitative screen (704 clones) 
© Output: 1 8 clones 
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WE CLAIM: 

1 . A second beetle luciferase with increased thermostability as 
compared with a first luciferase, said second luciferase made by the following 
5 method: 

a) mutating a polynucleotide sequence encoding the first 
luciferase to obtain a polynucleotide sequence encoding the second luciferase; 

b) selecting the second luciferase if a plurality of characteristics 
including thermostability of a luciferase is in a preferred range, 

10 2. The second luciferase of claim 1, wherein the polynucleotide 

sequence encoding the first luciferase is the same as the sequence of Luc 
(T249M). 

3, The second luciferase of claim 1, wherein thermostability is at least 
2 hours at about 50°C in aqueous solution. 

15 4. The second luciferase of claim 3, wherein thermostability is at least 

5 hours at 50°C in aqueous solution. 

5. The second luciferase of claim 1, wherein the plurality of 
characteristics comprises brightness of luminescence, substrate utilization and 
luminescence signal. 

20 6. The second luciferase of claim 1, wherein the mutating is by 

directed evolution. 

7. A beetle luciferase that is thermostabile for at least 2 hours at 50°C 
in aqueous solution. 

8. The luciferase of claim 7, that is thermostabile for at least 5 hours at 

25 50°C 
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9. The luciferase of claim 7, wherein less than 5% luminescence 
activity is lost after incubation in solution for 2 hours at about 50°C. 

10. A method for preparing a beetle luciferase with increased 
thermostability, said method comprising the following steps: 

a) mutating a polynucleotide sequence encoding a first 
luciferase to obtain a sequence encoding a second luciferase; and 

b) selecting the second luciferase if a plurality of characteristics 
including thermostability of a luciferase are in a preferred range, 

1 1 . The method of claim 10, wherein thermostabiity is at least 2 hours 
at 50°C, 

12. The method of claim 11, wherein the thermostability is at least 5 
hours at 50°C. 

13. The method of claim 10, wherein mutating occurs at at least one 
position wherein a consensus amino acid is present in beetle species, 

14. The method of claim 10, wherein mutating occurs at at least one 
position where a mutation occurred to produce the luciferase gene designated 
Iuc90-1B5. 

15. A DNA molecule having a nucleotide sequence that encodes a 
mutant luciferase with increased thermostability as compared to the 
thermostability of a native luciferase, 

16. The DNA molecule of claim 15, wherein the nucleotide sequence is 
selected from the group consisting of sequences. 
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GGATCCAATGGAAGATAAAAATAT TT TATATGGACCTGAAGCATTTTATC CC TTGGCT GA 
TGGGACGGCTGGAGAACAGATGTT TTACGCAT TATCTCGTTATGCAGATATTTCAGGATG 
C ATAGCATTGACAAATGCTGATACAAAAGAAAATGTTTTATATGAAGAGT TTTTAAAATT 
GTCGTGTC GTTTAGCGGAAAGT TT TAAAAAGTATGGATTAAAACAAAACGACACAATAGC 
GGTGTGTAGCGftAAATGGTTTGCAMTTTTCCTTCCTATAATTGCATCATTGTATCTTGG 
AATAATTGCAGCACCTGTTAGTGATAAATACATTGAACGTGAATTAATACACAGTCTTGG 
TATT GTAAAACCAC GCATAATTTTTTGCTCCAAGAATACTTTTGAAAAAGTACT GAATGT 
AAAATCTAAATTAAAATATGTAGAAMTATTATTATATTAG^^ 

AGGTTATC AATGCC TC AACAACTTTATTTCTCAAAATTCCGATATTAATCTT GACGTAAA 
AAAATT TAAAC CATATTCTTTTAATC GAGACGAT CAGGTTGC GT TGGTAATGTTTTCTTC 
TGGTACAACTGGTGTTTCGAAGGGAGTCATGCTAAG TCACAAGftATATTGTT GCACGATT 
TT CT CTTGCAAAAGATCCTACTTTT GGTAACGCAATTAAT CCAACGRCAGCAATTTTAAC 
GGTAATACCTTTCCACCATGGTTT TGGTAT GATGACCACATTAGGATACT TTACTT GT GG 
AT TC CGAGTTGTTCTAAT GCACAC GTTTGAAGAAAAACTATTTCTACAAT CATTACAAGA 
TTATAAAGTGGAAAGTACTTTACTTGTACCAACATTAATGGCATTTCTTGCAAAAAGTGC 
AT TAGTTGAAAAGTAC GATT TATC GCAC TTAAAAGAAATTGCATCTGGTGGCGCAC CTTT 
AT CAAAAGAA\TTGGGGAGATGGTGAAA?W^CGGTTTAAATTAAACTTTGTCAGGCAAGG 
GT ATGGATTAACAGAAAC GACTTCGGCT GTTTTAAT TACACCGAACAATGAC GT CAGACC 
GGGATCAACTGGTAAAATAGTACCATTTCACGCTGTTAAAGTTGTCGATCCTACAACAGG 
AAAAATTTTGGGGCCAAATGAAACTGGAGAATTGTATTTTAAAGGCGACATGATAATGAA 
AG^TTATTATAATAATGAAGAAGCTACTAAAGCAATTATTAACAAAGACGGATGGTTGC^ 
CTCTGGTGATATTGCTTATTATGACAATGATGGCGATTTTTATATTGTGGACAGGCTGAA 
GTCATTAATTAAATATAAAGGTTATCAGGTTGCACCTGCTGAAATTGAGGGAATACTCTT 
ACAACATC CGTATATTGTTGAT GC C GGCGT TACTGGTATAC C GGATGAAGC CGCGGGC GA 
GCTT C C AGC T GCAGGT GT T GT AGT ACAGAC TGGAAAATAT CTAAAC GAACAAATCGTACA 
AAAT TTTGTTTC CAGTCAAGTT TC AACAGC CAAATGGC TACGTGGTGGGGTGAAATTTTT 
GGAT GAAATTCC CAAAGGAT CAAC TGGAAAAATTGACAGAAAAGT GTTAAGACAAATGTT 
i TGAAAAACACAGCAATGGG* 




GGATCCAATGGAAGATAAAAATATTTTATATGGACC TGAACCAT TTTATCCC TTGGCTGA 
T GGGAGGGCTGGAGAAGAGATGTTTTACGCATTATGTCGTTATGCAGATATT TCAGGATG 
C ATAGCATTGACAAAT GCTCATACAAAAGAAAAXGTTTTATATGAAGAGTTGTTAAAATT 
GTCGTGTC GTTTAGCGGAAAGTTT TAAAAAGTATGGATTAAAACAAAACGAC ACAATAGC 
GGTGTGTAGC GAAAATGGTTTGCAATTTTT CC TTCCTATAATTGCATCAT TGTATCTT GG 
AATAATTGCAGCACCTGTTAGT GATAAATACATTGAAC GTGAATTAAT AC ACAGTCTTGG 
TATT GTAAAACC ACGCATAATT TTTTGCTC CAAGAATACTTTTCAAAAAGTACT GAATGT 
AAAATCTAAATTAAAATATGTAGAAACTATTATTATATTAGACTTAAATGAAGACTTAGG 
AGGTTATCAATGCCTCAACAACTTTATTTCTCAAAATTCCGATATTAATCTGGACGTAAA 
AAAATTTAAACCATATTCTTTTAATC GAGACGAT CAGGTTGCGTTGGTAATGTTTTCTTC 
TGGTACAACTGGTGTTTCGAAGGGAGTCATGCTAACTCACAAGAATATTGTT GCACGATT 
TTCTCATGCAAAAGATCCTACTTTTGGTAACGCAATTAATCCAACGACAGCAATTTTAAC 
GGTAATACCTTTCCACCATGGTTTTGGTATGATGACCACATTAGGATACTTTACTTGTGG 
ATTC CGAGTT GTTC TAATGCACAC GTTTGAAGAAAAACTATTTCTACAAT CATTACAAGA 
TTATAAAGTGGAAAGTACTTTACT TGTACCAACATTAATGGCATTTTT TGCAAAAAGT GC 
ATTAGT TGAAAAGTACGATTTATC GCACTTAAAAGAAATTGCAT C TGGTGGCGCAC CTTT 
ATCAAAAGAAATTGGGGAGATGGTGAAAAAACGGTTTAAATTAAACTTT^ 
GTAT GGATTAACAGAAAC GACTTCGGCT GTTTTAAT TACACC GAACAATGACGT CAGACC 
GGGATCAACTGGTAAAATAGTACCATTTCACGCTGTTAAAGTTGTCGATCCTACAACAGG 
AAAAATTTTGGGGCCAAATGAAACTGGAGAATTGTATTTTAAAGGCGACATGATAATGAA 
AGGTTATTATAATAAT GAAGAAGCTACTAAAGCAATTATTAACAAAGACGGATGGTTGCG 
C TCTGGTGATATTGCT TATTATGftGAATGATGGC CATTTTTATATTGTGGACAGGC TGAA 
GTCATTAATTAAATATAAAGGTTATCAGGTTGCACCTGCTGSVAATTGAGGGAATACTCTT 
ACAACATC CGTATATTGTTGAT GC C GGCGTTACTGGTATACCGGATGAAGCC GCGGGCGA 
GCTT CCAGCT GCAGGTGTTGTAGTAC AGACTGGAAAATAT CTAAAC GAACAAATCGTACA 
AAAT TT TGTTTC CAGTCAAGTT TCAACAGC CAAATGGC TACGTGGTGGGGTGAAATTTTT 
GGAT GAAATTCC CAAAGGAT CAAC TGGAAAAATTGACAGAAAAGT GTTAAGACAAATGTT 
TGAAAAACACACCAATGGG* 
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GGiATCGAATGGAAGATAAAAATA!? TT TATATGGACCTGAAGCAT TTTATC C C TTGGCT GA 
TGGGAC GGCTGGAGAAGAGATGTTTTAGGCATTATC TCGTTATGCAGATATTTCAGGATG 
CLATAGCATTGACAAATGCTCATACAAAAGAAAAT GTTTTATATGAAGAGT TTTTAAAATT 
GT CGTGTCGTTTAGCGGAAAGTTTTAAAAAGTAT GGATTAAAACAAAACGAGACAATAGC 
GGTGTGTAGC GAAAATGGTTTGCAATTT TTCC TTCCTATAAT TGCATCATTGTATC TTGG 
AATAATTGCAGCACCTGTTAGTGATAAATACATTGAACGT GAATTAATAC ACAGTC TTGG 
TATT GTAAAACCACGCATAATTTTTT GCTCCAAGAATACT TTTCAAAAAGTACTGAATGT 
AAAATCTAAATTAAAATATGTAGAAACTATTATTATATTAGACTTAAATGAAGACTTAGG 
AGGTTAT CAATGCCTCAACAAC TT TATTTCTCAAAATT CCGATAT TAATCTT GACGTAAA 
AAAATT TAAACCATAT TC TTTTAATC GAGACGAT CAGGTTGCGT TGGTAATGTTTTCTTC 
TGGTACAACTGGTGTTTCGAAGGGAGTCATGCTAACTCJ^CAAGAATATTGTTGTACGATT 
TTCTCTTGCykAAAGATCCTACTTTTGGTAACGCAATTAATCCAAG 

GGTAATACCTTT CCACCATGGTTTTGGTAT GATGACCACATTAGGATACT TTACTT GTGG 
ATTCCGAGTTGTTCTAATGCACACGTTTGAAGAAAAACTATTTCTACAATCATTACAAGA 
TTATAAAGTGGAAAGTACTTTACTTGTACCAAmTTAATGGCATTTCTTGCAAA^GT^ 
ATTAGTTGAAAAGTAC GATT TATC GC AC TTAAAAGAAATTGCAT C TGGTGGC GCACCTTT 
AT CAAAAGAAATTGGGGAGATGGT GAAAAAACGGTT TAAATTAAACTTTGTC AGGCAAGG 
GTAT GGAT TAACAGAAAC CACTTC GGCTGTTTTAAT TACACC GAAGAATGAC GTCAGACC 
GGGATCAACTGGTAAAAIAGTACC ATTTGACGCT GTTAAAGT TGTCGATC CTACAACAGG 
AAAAATTT TGGGGC CAAATGAAACTGGAGAAT TGTATTTTAAAGGCGACATGATAATGAA 
AfiGTTATTATAATAATGAAGAAGCTACTAAAGCAATTATTACCAAAGACGGATGGT TGCG 
C TCTGGTGATATTGCTTATTATGACAAT GATGGCCATTTT TATATTGT GGACAGGC TGAA 
GTCATTAATTAAATATAAAGGT TATCAGGTTGCACCTGCTGAAAT TGAGGGAATAC TC TT 
ACAAC AT C C GT ATAT T GT TGAT GC C GGC GT TAG T GGTATAC C GGAT GAAGC C GC GGGC GA 
GCTT C C AGCT GCAGGT GT TGTAGTAC AGACTGGAAAATATCTAAACGAACAAATCGTACA 
AAATTTTGTT TC CAGT CAAGTTTC AACAGC CAAATGGCTACGTGGTGGGGTGAAATTTTT 
GGAT GAAATT C CCAAAGGATCAAC TGGAAAAATTGACAGAAAAGTGTTAAGACAAATGTT 
TGAAAAACACACCAATGGG* 



GGATCCAATGGAAGATAAAAATATTT TATATGGACCTGAACCATT TTATCCCTTGGCTGA 
T GGGAC GGCTGGAGAACAGATGTT TTACGCATTATC TC GTTATGCAGATATT TC AGGATG 
CATAGCATTGACAAATGCTCATACAAAAGAAAATGTTTTATATGAAGAGTTTTTAAAATT 

gtcgtgtc gt ttagcggaaagttttaaaaagtat ggattaaaacaaaacgac acaatagc 
ggtgtgtagc gaaaat ggtttgcaattttt cctt cctataattgcatcattgtatcttgg 
aataattgcagcac ctgttagtgataaatacattgaacgt gaattaatacacagtctt gg 
tattgtaaaaccac gcataattttttgctc caagaatact tttcaaaaagtact gaat gt 
aaaatctaaattaaaatatgtagaaactattattatattagacttaaatgaagacttagg 
aggttatcaatgcctcaacaactttatttctcaaaattccgatattaatcttgacgtaaa 
aaaatttaaaccatattc ttttaatcgagaggat caggttgcgtt ggtaatgttttcttc 
tggtacaact ggtgtttc gaagggagtcatgctaac tcacaagaatattgtt gcacgatt 
tt ctattggaaaagat cctacttttggtaacgcaattaatccaacgacagcaattttaac 
ggtaatacctttccaccatggttttggtatgatgaccacattaggatactttacttgtgg 
attccgagttgtoctaatgcacaggttt gaagaaaaagtatttc tacaat cattacaaga 
ttataaagtggaaagtactttacttgtaccaacattaatggcatttcttgcaaaaagtgc 
attagt tgaaaagtacgatttatc gcac ttaaaagaaattgcatctggtggcgcac cttt 
atcaaaagaaattggggagatggt gaaaaaacggtttaaattaaactttgtcaggc aagg 
gtat ggattaacagaaac cacttc ggctgttttaat tacaccgaacaatgac gtcagacc 
gggatcaactggtaaaatagtacc atttcacgct gttaaagttgtcgatcctacaacagg 
aaaaattttggggccaaatgaaactggagaattgtattttaaag<x:gacatgataa 
agottattataataaxgaagaagctactaaagcaattattaacaaagac 
c tctggtgatattgcttattatgacaat gatggccatttt tatattgt ggacaggctgaa 

GTCATTAATTAAATATAAAGGTTATCAGGTTGCACCTGCTGAAATTGAGGGAATACTCTT 
ACAACATCCGTATATTGTTGATGCCGGCGTTACTGGTATACCGGATGAAGCCGCGGGCGA 
GCTTCCAGCTGCAGGTGTTGTAGTACAGACTGGAAAATATCTAAACGAACAAATCGTACA 
AAATTTTGTTTCC^T CAAGTTTC AAGAGCCAAATGGCTACGTGGTGGGGTGAAATTTTT 
GGAT GAAATT CC CAAAGGATCAACTGGAAAAATT GACAGAAAAGTGTTAAGACAAATGTT 
TGAAAAACACACCAATGGG* 
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GGATCCAATGGAAGAXAAAAATATTTTATATGGACC TGAACCATT TTATCC C TTGGCT GA 
TGGGACGGCTGGAGAACAGATGTTTGAC GCATTATCTC GTTATGC AGATATT TCAGGATG 
C ATAGCATTGAC AAATGCTGATACAAAAGAAAAT GT TTTATATGAAGAGTTTTTAAAATT 
GTCGTGTC GTTTAGCGGAAAGTTTTAAAAAGTAT GGATTAAAACAAAACGAC ACAATAGC 
GGTGTGTAGC GAAAATGGTTTGCAATTTTTCCTT CC TATAATTGC ATCATTGTATCTT GG 
AATAATTGCAGCAC CTGTTAGT GATAAATACATT GAAC GTGAAT TAATAGAC AGTCTTGG 
TATTGTAAAACCACGCATAATTTTTTGCTCCAAGJATACTTTTCAAAAAGTACTGAArGT 
AAAATCTAAATTAAAATATGTAGRAACTATTATTATATTAGACT TAAATGAAGACT TAGG 
AGGTTATCAATGCCTCAACAAC TTTATTTCTCAAAATTCC GATATTAATC TTGACGTAAA 
AAAATTTAAACCATATTCTT TTAATC GAGACGAT CAGGTT GC GT TGGTAATGTTTTCTTC 

TGGTACAACTGGTGTTTCGAAGGGAGTCATGCTAACTCACAAGAATATTGTTGCACGATT 
TT CT CATGCAAAAGATCCTACTTT TGGTAACGCAATTAAT C CAACGACAGGAAT TT TAAC 
GGTAATAC CTTTCCACCATGGT TT TGGTAT GAtGACCACATTAGGATACT TTACTTGTGG 
AT TC CGAGTTGTTCTAAT GC ACAC GTTTGAAGAAAAACTATT TC TACAAT CATTACAAGA 
TTATAAAGTGGAAAGTACTTTACTTGTACCAACATTAATGGCATTTTTTGCAAAAAGTGC 
AT TAGT TGAAAAGTACGATTTATC GCACTTAAAAGAAATT GC ATCTGGTGGCGCAC CTTT 
AT CAPAAGAAATTGGGGAGATGGTGAAAAAAC GGTTTAAATTAAACTT TGTCAGGC AAGG 
GTAT GGAXTAAGAGRAAC CACTTC GGCT GTTT TAATTACACCGAACAATGACGT CAGACC 
GGGAXCAAGT GGTAAAATAGTACC ATTTCAC GCTGTTAAAGTTGT C GATC CTACAACAGG 
AAAAAT TTTGGGGCCAAATGAAAC TGGAGftAT TGTATT TTAAAGGC GACATGATAATGAA 
AGGTTATTATAATAATGAAGAAGCTACTAAAGCAATTATTAACAAAGACGGATGGTTGCG 
C T CT GGTGATATTGCTTATTATGACAAT GATGGCCATT TTTATATTGTGGACAGGCTGAA 
GT CATTAATTAAATATAAAGGTTATCAGGT TGCACCTGCTGAAAT TGAGGGRAT ACTCTT 
AC AACATCCGTATATT GT TGATGCCGGC GT TACTGGTATACCGGATGAAGCC GC GGGCGA 
GC TT C CAGCT GCAGGT GTTGTAGTACAGAC TGGAAAATATCTAAACGAACAAATCGTACA 
AAAT TT TGTT TC CAGT CAAGTTTCAACAGC CAAATGGC TACGTGGTGGGGTGAAATTTTT 
GGAT GAAATT CC CAAAGGATGAACTGGAAAAATT GACAGAAAAGT GTTAAGACAAATGTT 
TGAAAAACACACCAATGGG* 
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GGAT CCAATGGCAGATAAAAATATTT TATATGGGCCCGAACCATT TTATC CCTT GGCTGA 
T GGGAC GGCTGGA5AAGAGATGTTTGACGCATTATCTC GTTATGCAGATATTTCAGGATG 
CATAGCATTGACAAAT GC TCATACAAAAGAAAATGT TT TATATGAAGAGTTTTTAAAATT 
GTCGTGTCGTTTAGCGGAAAGTTT TAAAAAGTATGGAT TAAAAC AAAACGACACAATAGC 
GGTGTGTAGCGAAAATGGTTTGCAATTTTTCCTTCCGTAATTGCATCATTGTATCTTGGA 
ATAATTGCAGCACCTGTTT^GTGATAAATACATTGAACGTGAATTAATACACAGTCTTGGT 
ATTGTAAAACCACGCATAATTT TTTGCT CCAAGAATACTTTTCAAAAAGTAC TGAATGTA 
AAATCTAAATTAAAATCTGTAGAAAGTATTAT TATATTAGACTTAAAT GAAGACTTAGGA 
GGTTATCAAT GCCTCAACAACTTTATTTCT CAAAATTCCGATATTAAT CTT GACGTAAAA 
AAATTTAAAC CATATTCTTT TAATCGAGAC GATCAGGTTGCGTT GGTAAT GTTTTC TTCT 
GGTACAAC TGGTGTTTCGRAGGGAGT CATGCTAACT CACAAGAATATT GT TGCACGATTT 
T C TCTTGCAAAAGATC CTACTTTT GGTAAC GCAATTAAT C CCAC GACAGC AATT TTAACG 
GTAATACC TTTC CACCAT GGTTTT GGTATGAt gACCAC AT TAGGATACTTTACT TGTGGA 
TTCCGAGTTGTTCTAATGC7VCACGTTTGAAGRAAAACTA!rTrCTACAATCATTACAAGAT 
TATAAAGTGGAAAGTACTTTACTT GTAC CAACAT TAATGGCATTTCTTGGAAAAAGTGCA 
TTAGTTGAAAAGTACGATTTATCGCACTTAAAAGAAATTGCATCTGGTGGCGCACCTTTA 
T C AAAAGAAAT T GGGGAGAT GGTGAAAAAACGGTTTAAATTAAACTTT GT CAGGCAAGGG 
TATGGATTAACAGAAACCACTTCGGCTGTTTTAATTACACCGAAAXXxxxxGCCAGACCG 
GGATCAACTGGTAAAATAGTACCATT TCAC GC TGTTAAAGTT GT C GAT C C TACAACAGGA 
AAAATTTTGGGGCCAAAT GAACCTGGAGAATTGTATTT TAAAGGC GC CATGATAAT GAAG 
GGTTATTATAATAATGAAGAAGCTAC TAAAGCAATTAT TGATAATGAC GGATGGTT GCGC 
TCTGGT GATATT GCTTAT TATGAGAATGATGGCCAT TTTTATAXTGTGGACAGGCTGAAG 
TCATTAAT TAAATATAAAGGTTAT CAGGTTGCAC CT GCTGAAATTGAGGGAATACTCTTA 
CAACAT CC GTATAT TGTTGATGC C GGCGTTAC TGGTATTCCGGATGAAGCCGC GGGCGAG 
CT TC CAGC TGCAGGTGTTGTAGTAGAGACTGGAAAATATCTAAAC GAACAAATCGTACAA 
GATTTT GTTTCCAGTC AAGTTTCAACAGCCAAATGGCTACGTGGT GGGGTGAAATTTTTG 
GATGAAATTCCC AAAGGATCAACTGGAAAAATTGACAiGAAAAGT GTTAAGAC AAAT GTTT 
GAAAAACACACCAATGGG* 
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GGATCCAATGGCT^TAAAAATATTTTATATGGGCCCGAACCATTTTATCCCTTGGCTGA 
TGGGACGGCT GGAGAACAGATGTTTTAC GCATTATC TCGTTATGCAGATATTT CAGGATG 
C AT AGCAT TGAC AAAT GC TCATACAAAAGAAAAT GTTTTATATGAAGAGTTTTTAAAATT 
GTCGTGTC GT TTAGCGGAAAGTTTTAAAAAGTAT GGATTAAAACAAAACGACAC AATAGC 
GGTGTGTAGC GRAAAT GGTTTGCAAT TTTT CC TXCCTGTAAT TGC ATCATTGTATCTTGG 
AATAAT TGCAGC AC CTGTTAGTGATAAATACATTGAAC GT GAATTAATACACAGTCTT GG 
TATT GTAAAACCAC GC ATAATTTT TTGCTC CAAGAATACTTTTCAAAAAGTACTGAAT GT 
AAAATC TAAATTAAAATATGTAGAAACTATTATTATAT TAGACTTAAATGAAGACTTAGG 
AGGTTATCAATGCCTCAACAAC TTTATTTCTCAAAATT CCGATATTAAT C TTGACGTAAA 
AAAATTTAAACCATATTCTTTTAATCGAGACGATCAGGTTGCGTTGGTAATGTTTTCTTC 
TGGTACAACTGGTGTTCC GAAGGGAGTC ATGCTAAC TCACAAGAATAT TGTTGCAC GATT 
TTCTCTTGCAAAAGAT CC TACTTTTGGTAACGCAATTAATCCAAC GAC AGCAAT TTTAAC 
GGTAATAC CT TT CCAC CATGGTTTTGGTAT GATGAGCACATTAGGATACTTTAC TTGTGG 
ATTCCGAGTT GTTC TAATGCACAC GTTTGAAGAAAAACTATT TC TACAATCATTACAAGA 
TTATAAAGTGGAAAGTACTTTACTTGTACCAACATTAATGGCATTTCTTGCAAAAAGTGC 
ATTAGTTGAAAAGTACGATTTATCGCACTTAAAAGAAATTGCATCTGGTGGCGCACCTTT 
ATCAAAAGAAATTGGGGAGATGGTGAAAAAACGGTTTAAATTAAACTTTGTCAGGCAAGG 
GTAT GGAT TAACAGAAAC CACT TCGGCT GTTTTAATTACAGCGAAAxxxaaEGTCAGAGC 
GGGATCAACTGGTAAAATAGTACCATTT CACGCT GT TAAAGTTGT C GATC CTACAACAGG 
AAAAATTTTGGGGCCAAATGAACCTGGAGAATTGTATTTTAAAGGCGACATGATAATGAA 
AGGT TATTATAATAATGAAGAAGCTACTAAAGCAATTATTGATAAAGACGGATGGT TGCG 
C T CT GGTGATATTGCTTATTATGACAATGATGGC CATTTTTATATTGTGGRCAGGC TGAA 
GTCATTAATTAAATATAAAGGTTAT CAGGTT GCACCTGCT GRAATTGAGGGAAIAC TCTT 
AC AAGATCCGTATATT GTTGATGC CGGCGT TACT GGTATAGC GGATGAAGCC GC GGGCGA 
GCTTCCAGCT GCAGGT GTTGTAGTACAGAC TGGAAAATAT CTAAACGAACAAATCGTACA 
AAATTTTGTTTCC^GTCAAGTTTCAACAGCCAAATGGCTACGGGGTGGGGTGAAATTTTT 
GGATGAAATT CCCAAAGGATCAAC TGGAAAAATTGACAGAAAAGTGTTAAGACAAATGTT 
TGAAAAACACACCAATGGG* 
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GGATCCAA.TGGCAGATAAAAATATTTTATATGGGCCCGAACCATTTTATCCCTTGGCTGA 
T GGGACGGCT GGAGAACAGATGTT TGAGGCATTATCT C GTTATGCAGATATTCCCGG&TG 
CATAGCATTGACAAAT GCTCATACAAAAGAAAATGTTTTATATGAAGAGTTT TTAAAATT 
GT CGTGTC GT TTAGC GGAAAGTTTTAftAAAGTATGGATTAAAAC AAAACGACACAATAGC 
GGTGTGTAGC GAAAATGGTTTGCAATATTTCCTTCCTGTAAT TGCATC ATTGTATC TTGG 
AATAATTGCAGCAC CTGTTAGTGATAAATACATT GAACGTGAATTAATACACAGTCTTGG 
TATTGTAAAACCACGCATAATTTTTTGCTCCAAGAATACTTTTCAA7VAAGTACTGAATGT 
AAAATCTAAATTAAAMATGTAGAAACT^^ 

AGGT TATCAATGCC TCAACfiACTTTATTTCTCAAAATTCC GATAT TAATCTT GAGGTAAA 
AAAATTTAAACCAAATTCTTTTAATCGAGACGA.T CAGGTT GC GTT GGTAATGTTTTCTTC 
T GGTACAACT GGTGTTCCGAAGGGAGTCAT GC TAAC TCACAAGAATATTGTTGCACGATT 
T TCTATTGGAAAAGATCCTACTTTTGGTAAC GCAAT TAAT CC AAC GACAGCAATTTTAAC 
GGTAATAC CTTTCC ACCATGGTTTTGGTAT GATGAC CACATTAGGATACTTTACTTGTGG 
ATTC CGAGTTGTTCTAAT GCACACGTTT GAAGAAAAACTATTTCTACAAT CATTACAAGA 
TTATAAAGTGGAAAGTACTTTACTTGTACCAACATTAATGGCATTTCTTGCAAT^GTGC 
ATTAGTTGAAAAGTACGATTTATCGCACTTAAAAGAAATTGCATCTGGTGGCGCACCTTT 
ATCAAAAGAAATTGGGGAGATGGTGAAAAAACGGTTTAAATTAAACTTTGTCAGGCJ^ 
GTATGGATTAACAGAAACCACTTCGGCTGTTTTAATTACACCGAAAxxxxxxGCCAGACC 
GGGATCAACTGGT7IAAATAGTACCATTTCACGCTGTTAAAGTTGTCGATCCTACAACAGG 

AAAAATTTTGGGGCCAAATGAPlCC tggagarttgtattttaaaggcgccatgataatgaa 

GGGTTATTATAATAAT GAAGAAGC TACTAAAGCAATTATTGATAAAGACGGATGGTXGCG 

ctctggtgatattgcttattatgacaatgatggccatttttatattgtggacaggctgaa 
gt cattaattaaatataaaggttatcaggttgcacc tgctgraattgagggaatac tc tt 
acaacatccgtatattgttgatgccggcgttactggtataccggatgaagccgcgggcga 

GC TTCCAGCTGCAGGT GTTGTAGTACAGACTGGAAAAXAT CTAAAC GAACAAAT CGTACA 
AAATTTTGTTTCCAGTCAAGTTTCAACAGCCAAATGGCTACGTGGTGGGGTGAAATTTTT 
GGATGAAATTCCCAAAGGATCAACTGGAAAAATT GACAGAAAAGT GTTAAGA.CAAATGTT 
TGAAAAACACACCAATGGG* 
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GGAT CCAATGGCAGATAAAAATATTTTATATGGGCCCGAACCATTTTATC CCTT GGCT GA 
T GGGACGGCT GGAGAAGAGATGTTTGAC GCATTATCTC GTTATGCAGATATTCC CGGftTG 
CATAGCATTGACAAAT GC TCATACAAAAGAAAATGTTTTATATGAAGAGT TTTTAAAATT 
GTCGTGTCGT TTAGCGGAAAGTTTTAAAAAGTAT GGAT TAAAACAAAACGACACAATAGC 
GGTGTGTAGCGAAAMGGTTTGCAATTTTTCCTTCCTGTAATTGCATCATTGTATCTTGG 
AATAATTGCAGCACCTGTTAGTGATAAATACGTT GAAC GT GAATTAATAC ACAGTCTTGG 
TATTGTAAAACCACGCATAATTTTTTGCTCCAAGAATACTTTTCAAAAAGTACTGAATGT 
AAAATCTAAATTA7VAATATGTAGAAACTATTATTATATTAGACTTAAATGAAGJVCTTAjGG 
AGGTTATCAATGCCTCAACAACTTTATTTCTCAAAATTCCGATAGTAATCTGGACGTAAA 
AAAATTTAAACCAAATTCTTTTAATCGAGACGATCAGGTTGCGTTGGTAATGTTTTCTTC 
TGGTACAACTGGTGTTCC GAAGGGAGTCAT GC TAACTCACAAGAATATTGTT GCACGATT 
TTCT CTTGCAAAAGAT CC TACTTTTGGTAACGCAATTAAT CCAACGAGAGCAATTTTAAC 
GGTAATACCTTTCCACCATGGTTTTGGTATGATGACCACATTAGGATACTTTACTTGTGG 
ATTC C GAGTTGTTC TAATGCACACGTTT GAAGAAAAACTATT TCTACAAT CATTACAAiGA 
TTATAAAGTGGAAAGTACTTTACTTGTACCAACATTAATGGCATTTCTTGCAAAAAGTGC 
ATTAGTTGAAAAGTAC GATTTATC GCAC TTAAAAGAAATT GC ATCTGGTGGC GCAC CTTT 
AT CAAAAGAAATTGGGGAGATGGTGAAAAAAGGGTT TAAATTAAACTT TGTCAGGC AAGG 
GTAT GGATTAACAGAAAGGACTTC GGCT GTTTTAAT TACACCGAAAxxamjoc&CCAGACC 
GGGATC AACT GGTAAAATAGTACCAT TT CACGCT GT TAAAGTTGT CGATC CTACAACAGG 
AAAAATTTTGGGGCCAAATGAACCTGGAGAATTGTATTTTAAAGGCGCCATGATAATGAA 
GGGTTATTATAATAATGAAGAAGCTACTAAAGCAATTATTGATAAAGACGGATGGTTGCG 
CT CT GGTGATAT TGCTTATTAT GACAATGATGGC CATTTTTATATTGTGGACAGGCTGAA 
GTCATTAATTAAATATAAAGGTTATCAGGTTGCACCTGCTGftAATTGAGGGAATACTCTT 
ACAACATC CGTATATTGTTGAT GC CGGCGTTACTGGTATACC GGATGAAGCC GCGGGCGA 
GC TT CCAGCT GCAGGTGTTGTAGTAGftGACTGGAAAATATCTAAACGAACAAAJCGTACA 
AAATTTTGTTTCCAGTCAAGTTTCAACAGCCAAATGGCTACGTGGTGGGGTGAAATTTTT 
GGAT GAAATT CC CAAAGGAT CAAC TGGAAAAATTGACAGAAAAGTGTTAAGACAAATGTT 
T GAAAAACACACCAATGGG* 
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GGAT CC AATGGGAGAXAAAAATATTTTATATGGGCCCGAACCAT TTTATC C C TT GGCTGA 
T GGGACGGCTGGAGAACAGATGTTTGAC GCATTATCTC GTTATGC AGATATT CC GGGCTG 
CATAGC ATTGftGAAATGCTCATACJ^AAAJGffiAAAT TTTTAAAATT 
GTCGTGTCGTTTAGCGGAAAGTTTTAAAAMTATGGATTAAAACAAAACGACACAATAiGC 
GGTGTGTAGC GAAAATGGTTTGGAAT TTTTCCTTCC TGTAATTGCATCAT TGTATCTTGG 
AATAATTGTGGCAC CTGTTAACGATAAATACATT GAAC GT GAATTAATACACAGTCTTGG 
TATTGTAAAACCAC GCATAGTT TTTT GCTCCAAGAATAGTTT TC AAAAAGTACT GAATGT 
AAAATCTAAATTAAAATCTGTAGAAACTATTATTATATTAGACTTAAATGAAGACTTAGG 
AGGTTATCAATGCCTCAACAACTTTATTTCTCAAAATTCCGATATTAATCTTGACGTAAA 
AAAATTTAAACCATATTCTTTTAATC GAGACGAT CAGGTT GC GTTGATTATGTT TTCTTC 
T GGTACAACT GGTCTGCCGAAGGGAGTCATGCTAAC TCACAAGAATATTGTTGCACGATT 
T FCTCTTGGAAAAGATCCTACT TTT GGTAACGCAAT TAAT CCCACGACAGCAAT TTTAAC 
GGTAATAC CT TT CC ACCATGGT TTTGGTATGATGACCACATTAGGATACTTTAC TTGTGG 
AT TCCGAGTT GTTCTAATGCACAC GTTTGAAGAAAAAC TATT TCTACAATCATTACAAGA 
T ^ATATIRGTGGAAAGTACTTTACTTGTACCAACATTAATGGC ATTTCTTGCAAAAAGT GC 
ATTAGTTGAAAAGTACGATTTATC GC ACTTAAAAGAAATT GC ATCTGGTGGCGCACCTTT 
AT GAAAAGAAATTGGGGRGATGGT GAAAAAAC GGTTTAAATT AAACTT TGTCAGGCAAGG 
G TAT GGAT TAACAGAAAC CAC T T C GGC T GT TT TAAT T AC AC C GAAAX3acxxxGC C AGAC C 
GGGATCAACT GGTAAAATAGTACCATTT CAC GCTGTTAAAGTTGT CGATCCTAC AACAGG 
AAAAATTTTGGGGCCAAATGAAGCTGGAGAATTGTATTTTAAAGGCCCGATGATAATGAA 
GGGTTATTATAATAATGAAGAAGCTACTAAAGCAATTATTGATAATGACGGATGGTTGCG 
CT C T GGTGATAT TGCTTATTATGACAAT GATGGCCATTTTTATAT TGT GGACAGGCTGAA 
GTCATTAATTAAATATAAAGGTTATCAGGTTGCACCTGCTGAAATTGAGGGAATACTCTT 
ACAACATC C GTATATT GTTGATGC CGGC GT TACTGGTATTCCGGATGAAGCC GC GGGC GA 
GC TT CC AGCT GCAGGTGTTGTAGTACAGACTGGAAAATATCTAAACGAACAAATCGTACA 
AGATTTTGTTTCCAGTCAAGTTTCAACAGCC^AATGGCTACGTGGTGGGGTGAAATTTTT 
GGATGAAATT CC CAAAGGATCAAC TGGAAAAATTGACAGAAAAGTGTTAAGACAAATGTT 
TGAAAAACACACCAATGGG 
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GGATCQWTGGCAGATAAGAATATTT TATATGGGCCCGAACCAT TTTATC CCTT GGAAGA 
T GGGAC GGCTGGAGAACAGATGTTTGAC GC ATTATCTC GT TATGCAGATATTCCGGGCTG 
CATAGCAT TGACAAATGCTGATACAAAAGAAAATGTTT TATATGAAGAGTTTCTQAAACT 
GT CGTGTC GTTTAGCGGAAAGTTT TAAAAAGTATGGATTAAAAC AAAAGGAGACAATAJGC 
GGTGTGTAGCGAAAATGGTCTGCAATTTTTCCTTCCTGTAATTGCATCATTGTATCTTGG 
AATAATTGTGGCACCT GTTAACGATAAATACATT GEAAC GTGAATTAATACACAGTCTTGG 
TATTGTAAAACCACGCATjy^TTTTTTGCTCCAAGAATACTTTTCAAAAAGTACTGAATGT 
AAAATCTAAATTAAAATCTGTAGAAACTATTATTATATTAGACTTAAATGAAGACTTAGG 
AGGTTATCAATGCCTCAAGAACTTTATTTCTCAAAATTCCG?V.TATTAATCTTGACGTAAA 
AAAATTTAAACCATAT TC TTTTAATCGAGACGAT CAGGTTGCGTT GTTAATGTT TTCTTC 
T GGTACAACTGGTCTGCC GAAGGGAGTCAT GC TAAC TCACAAGAATATTGTTGCACGATT 
TTCTCTTGC aAAAGAT CCTACTTTTGGTAACGCAATTAATCCCAC GAC AGCAAT TTTAAC 
GGTAATACCTTT CCAC CATGGTTTTGGTAT GATGACCACATTAGGATACTTTAC TTGT GG 
ATTCCGAGTTGTTC TAATGCACAGGTTT GAAGAAAAACTATTTCTACAATGATTACAAGA 
TTATAAAGTGGAAAGTACTTTACTTGTACCAACATTAATGGCATTTCTTGCAAAAAGTGC 
ATTAGTTGAAAAGTACGATTTATCGCAC TTAAAAGAAATTGCAT C TGGTGGC GCAC CT TT 
ATCAAAAGAAAT TGGGGAGATGGTGAAAAAAGGGTTTAAATTAAACTTTGTCAGGCAAGG 
GTAT GGATTAAC AGAAACCACT TCGGCT GTTTTAATTAGACC GAAAxxacxxxGCCAAACC 
GGGATCAA.CT GGTAAAATAGTACCAT TT CACGCTGTTAAAGT TGTCGATC CTACAACAGG 
AA/^TTTTGGGGCCAAATGAACCTGGAGAATTGTATTTTAAAGGCCCGATGATAATGAA 
GGGTTATTATAATAATGAAGAAGCTACTAAAGCAATTATTGATAATGACGGATGGTTGCG 
C TCT GGTGATATTGCTTATTATGACAATGATGGC CATT TTTATATTGT GGAC AGGC TGAA 
GTCACTGATTAAATATAAAGGTTATCAGGTTGCACCTGCTGAAATTGAGGGAATACTCTT 
ACAACATC C GTATATT GT TGATGC CGGCGTTACT GGTATTCCGGATGAAGCC GCGGGCGA 
GCTT CCAGCTGCAGGT GT TGTAGTAC^GACTGGAAAATATCTAAACGAACAAAT CGTACA 
AGAT TATGTTGCCAGT CAAGTTT C AACAGC CAAATGGCTACGTGGTGGGGTGAAATTTTT 
GGAT GAAATTCCCAAAGGcATCAAC TGGAAAAATTGACAGAAAAGT CTTAAGACAAATGTT 
TGAAAAACACACCAATGGG 
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2) 

GGATCC AATGGAAGATAAAAATAT TTTATATGGACCTGAACCATTTTATCCCTTGGCT GATGGGACGGCTGGAGAACAG 
AT GTTTTACGCATTAT CT CGTTAT GC AGATATTT GAGGAT GCATAGGATTGACAAATGCT CATACAAAAGAAAATGTTT 
TATATGAAGAGT TTTTAAAATT GT CGTGTCGTTTAGCGGRAAGTT TEAAAAAGTAT GGATTAAAACAAAAGGACAC AAT 
AGCGGTGTGTAGCGAAAATGCT TTGCAATTTTTC CTTC CT TTAAT TGC ATCATT GTAT CTTGGAATAATTGGAGCACCT 
GTTAGTGATAAATACATT GAAC GTGAATTAATAC ACAGTC TTGGTATTGTAAAACCACGCATAATTTTTTGTTC CAAGA 
ATACTTTTCAAAAAGTAC TGAATGTAAAAT CTAAATTAAAATAT GTAGAAACTATTATTATATTAGAC TTAAATGAAGA 
C TTAGGAGGTTATCAATGCC TC AACAACTTTATTTCTCAAAATT C CGATATTAATCTTGAGGTAAAAAAATT TAAACCA 
AATTCTTTTAATCGAGAGGATCAGGTTGCGTTGGTAAT GTTTTCTTCTGGTACAACTGGTGTTTCGAAGGGAGT CATGC 
TAAGTCAGAAGAATATTGTTGCAGGATTTT CTCATT GC AAAGAT CCTACTTT TGGTAAGGCAATTAATCCAACGAGAGC 
AATTTTAACGGTAATACCTTTCCACCAT GGTTTTGGTATGATGACCAGAT TAGGATACTTTAGTTGTGGATT CC GAGTT 
GCTCTAATGCACACGTTTGAAGAAAAACTATTTCTACAATCATTACAAGATTATAAAGTG 
CAACATTAATGGCATTTTTTGCAAAAAGTGCATTAGTTGAA^ 

TGGCGCAC CTTTAT CAAAAGAAATTGGGGAGATGGTGAAAAAAC GGTTTAAATTAAAGTTTGTCAGGCAAGGGTATGGA 
TTAACAGAAACCACTT CGGCTGTTTTAATTACAC C GGACACT GACGTCAGACCGGGATCAACTGGTAAAATAGTACCAT 
TTCACGCT GTTAAAGT TGTCGATC CTAC AACAGGAAAAATTT TGGGGC CAAATGAAACTGGAGAAT TGTATTTTAAAGG 
C GACAT GATAAT GAAAAGTTAT TATAAT AAT GAAGAAGC T AC TAAAGC AAT TAT T AACAAAGAC GGATGGTTGCGCTC T 
GGTGATAT TGCTTATTAT GACAAT GATGGCCATT TTTATATT GTGGAC AGGCTGAAGT CATTAATTAAATATAAAGGT T 
ATCAGGTT GCAC CT GC T GAAAT TGAGGGAATACT CTTACAAC ATC C GT ATATTGTT GATGCC GGCGTTAC TGGTATAC C 
GGAT GAAGCCGC GGGC GAGC TT CC AGCTGCAGGT GTTGTAGTACAGAC TGGAAAATAT CTAAAC GAACAAATCGTACAA 
. AATTTT GT TTCCAGTC AAGT TT CAAC AGCCAAAT GGCTAC GTGGT GGGGT GAAATT TT TGGATGAAATTC CCAAAGGAT 
C AACTGGAAAAATTGACAGAAAAGTGTTAAGAGAAATGTT TGAAAAACACAAAT CTAAGC TG 
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GGAT C C CAT GAT GAAGCGAGAGAAAAAT GTTATATAT GGAC CC GAAC CCCTACACC C CTT 

GGAAGACT TAACAG CT GGAGAAAT GCT CT T CC GTGC C CT T C GAAAACATT CT CATTTAC C 

GCAGG CTTTAGTAGAT GT GGTT GGC GAC GAAT CGCTTT C CTATAAAGAGTT TTT T GAAGC 

GACAGTCCT C CTAGCGCAAAGT CT C CACAAT T GT GGATACAAGAT GAAT GAT GTAGT GT C 

GAT CT GCG C C GAGAATAATAGAAGAT TTT TTATT CC CGTTATT GCAGCTT GGTATAT T GG 

TAT GATT GTAGCAC CTGTTAAT GAAAGTTACATC C CAGAT GAACT CT GTAAGGTGAT GGG 

TAT AT CGAAACCACAAATAGTTTTTACQACAAAGAACATT TTAAATAAGGTAT TGGAGGT 

ACAGAGCAGAACTAATTT CATAAAAAGGAT CAT GATACTT GAT ACT GTAGAAAACATACA 

CGGTT GTGAAAGT CT T C C CAAT TTTATTT CT CGT TAT T C GGAT G GAAATATT GCCAACTT 

CAAAC CTTTACATT T C GATC CT GTTGAGCAAGT GGCAG CTAT CTTATGTT C GT CAGGCAC 

TACT GGATTACC GAAAGGTGTAAT GCAAACT CACCAAAATATT T GT GT CCGACTTATACA 

T GCTT TAGACCC CAG GGCAGGAACG CAACTTATT CCTGGTGT GACAGT CTTAGTATAT CT 

GC CTT TTTT CCAT GCTT TT GGGTT CT CTATAACCTT G GGATACTT CAT GGT GG GT CTT CG 

T GTTAT CAT GTT CAGACGAT TT GAT CAAGAAGCAT TT CTAAAAGCTAT TCAGGATTAT GA 

AGTT C GAAGTGTAATTAAC GTT CCATCAGTAATAT TGT TCT TAT CGAAAAGTC CT TT GGT 

T GACAAATACGAT TTAT CAAGTT TAAGGGAATT GT GTT G C GGT GCGGCAC GATTAG CAAA 

AGAAGTT GCT GAGGTT GCAGCAAAACGAT TAAACTT GCCAGGAATT CGCT GT GGATTT GG 

TT T GACAGAAT CTACT T CAGCTAATATACACAGT CTTAGGGAT GAATTTAAAT CAGGAT C 

ACTT G GAAGAGT TACT C CT TTAAT GG CAGCTAAAATAG CAGAT AGGGAAACT GGTAAAGC 

AT T GG GACCAAAT CAAGTT G GT GAATTAT GCATTAAAG GT C C CAT GGTAT C GAAAGGTTA 

CGT GAACAAT GTAGAAGCT ACCAAAGAAGCTATTGAT GATGAT G GT T G GCTT CACT CT GG 

AGACTTT G GATACTAT GATGAG GATGAGCATTT CTAT GT G GT GGACCGTTACAAGGAAT T 

GATTAAATATAAGGG CT CT CAGGTAGCACCT GCAGAACTAGAAGAGATTTTATT GAAAAA 

TC CAT GTAT GAGAGAT.GTT GCT GTGGT T GGTAT T CCT GAT CTAGAAG CT GGAGAACTGCC 

AT CT GCGTT TGT GGTTAAACAGCC C GGAAAGGAGATTACAGCTAAAGAAGT GTACGATTA 

TCTT GC C GAGAGGGT.CTC C CATAGAAAGTATTT GCGT GGAG'GGGTT C GATT CGTT GAT AG 

CATACCAAGGAATGTTACAGGTAAAATTACAAGAAAGGAACTTCTGAAGCAGTTGCTGGA 
GAAGGCGGGAGGT 
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GGAT CCCAT GAT GAAGCGAGAGAAAAAT GTT ATATAT GGACC CGAAC CCCTACAC CCCTT 
GGAAGACTT AACAGCT GGAGAAAT GCT CT T C CGTGCC CTT C GAAAACATT CT CATTTACC 
GCAGGCTT TAGTAGAT GT GGTT GGC GAC GAATCGCTTT C CT ATAAAGAGTTTTTT GAAGC 
GACAGTCCT C CTAGCGCAAAGT CT CCAGAATT GT GGATACAAGAT GAAT GAT GTAGT GT C 
GAT CT GCGCCGAGAATAAT ACAAGATT TTT TATT C CCGTTATT G CAGCTT GGTATATT GG 
TAT GAT T GT AGCACCT GTTAAT GAAAGTTACAT CCCAGAT GAACT CT GTAAGGTGATGGG 
TAT AT C GAAAC C ACAAAT AGT TTT T ACGACAAAGAACATTT TAAAT AAGGT ATT G GAGGT 
ACAGAGCAGAACTAATT T CATAAAAAGGAT CAT CAT ACT T GAT ACT GTAGAAAACATACA 
C GGT T GT GAAAGT CTT C CCAATTT TATTT CT CGTTATT C GGAT GGAA ATATTGCCAACTT 
CAAACCTTTACATTTCGAT C CT GTT GAGCAAGT GGCAGCTAT CTTAT GTT C GT CAGGCAC 
TACT G GAT TAC C GAAAGGT GT AAT GCAAACT CAC CAAAATATTT GTGT CC GACTTATACA 
T GCTTTAGAC CCCAGGGCAGGAACGCAACTTATT CCT GGT GT GACAGT CT TAGTAT AT CT 
GC CT XTTTT CCAT G CT TTTGGGTT CT CTATAACCTT GGGATACTT CAT GGT G GGT CTT C G 
T GT TAT CAT GTTCAGACGATTT GATGAAGAAGCAT TT CTAAAAGCTATT GAGGATTAT GA 
AGTT CGAAGT GTAATTAAC GTT CGATGAGTAAT ATT GTT CTTAT CGAAAAGT CCTTT GGT 
T GACAAATAC GATTTAT CAAGT TTAAGGGAATT GTGTT GCGGT GCGGCACCATTAGCAAA 
AGAAGTT GCT GAGGTTGCAGCAAAACGAT TAAACTT G C CAGGAAT T CGCT GT GGATTTGG 
TTT GACAGAAT CTACTT GAG CTAATATACACAGT CTTAGGGAT GAATTTAAAT CAGGAT C 
ACTT GGAAGAGTTACT C CTTTAAT GGCAGCTAAAATAGCAGATAGGGAAACT GGTAAAG C 
AT TGGGACCAAAT CAAGTT GGT GAATTAT GCATTAAAGGT CCCAT GGTATC GAAAGGTTA 
C GT GAAGAAT GTAGAAGCTAC CAAAGAAGCTATT GATGATGAT GGTT GGCT T CACT CTGG 
AGACTTT GGAT ACT AT GAT GAGGAT GAGCATTT CTAT GT GGT GGACC GTTAGAAGGAATT 
GATTAAATATAAGGGCT CT CAGGTAGCAC CT GCAGAACTAGAAGAGATTTTATT GAAAAA 
T CCAT GTATCAGAGAT GTT GCT GT GGT T GGTATT C CT GAT CTAGAAGCT GGAGAACTGC C 
AT CT GC GTTTGT GGTTAAACAGCC CG GAAAGGAGATTAGAGCTAAAGAAGTGTACGAT T A 
T CTT GCC GAGAG GGT CT C CCATACAAAGTATTT GC GT GGAGG GGTT CGATT CGTT GAT AG 
CATACCAAGGAATGT TACAGGTAAAATTACAAGAAAGGAACTT CTGAAGCAGTT GCT GGA 
GAAGGCGGGAGGT 
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Wood and Hall 

17. A DNA molecule having a nucleotide sequence that encodes a 
luciferase of claim 1 or 7. 

1 8 t The use of luciferases of claims 1 or 7 in ATP assays; as 
luminescent labels for nucleic acids, proteins, or other macromolecules; as genetic 
reporters; in enzyme immobilization; as hybrid proteins; in high temperature 
reactors; and in luminescent solution. 

19, A kit comprising a beetle luciferase with a half-life of at least 2 
hours at 50°C, 

20. The kit of claim 19 used for ATP assays; as luminescent labels for 
nucleic acids, proteins, or other macromolecules; as genetic reporters; in enzyme 
immobilization; as hybrid proteins; in high temperature reactors; and in 
luminescent solution. 

2L A luciferase having an amino acid sequence consisting of 
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£L ) 

D PMEDKNI L YGP E P F YP LADGTAGEQMF YALS RYAD I S GC IAI/TNAHTKENVL YEE FLKL 
SCRLAESFKKYGLKQMDT IAVCSENGLQFFLPII ASLYLGI IAAPVSDKYIERELIHSLG 
I VKPRI 1 FC S KNT FQKVUJVKS KLKYVET III LDLMEDLGGYQCIiMjIF I S QKS D INI*DVK 
KFKPYS FKRDDQVALVMFSSGTTGVS KGVMLTHKHIVARFSIAKDPTFGMAINPTTAILT 
VIP FHHGFGMMTTLGYFT CGFRWXMHT FEEKLFLQ SLQDYKVE STLLVP TLMAFIAKS A 
LVEKYDLS HLKE I ASGGAPLS KE I GEMVKKRFKLNFVRQGYGLTETT SAVL I TPKNDVRP 
G5 TGKI VP FHAVKWD PT TGKI LGPNET GE L Y FKGDMI MKGY YNNEEATKAI I NKDGWLR 
S GDI AY YDNDGHF YI VBRLKS L I KYKGYQVAPAE I EGI LLQHP Y I VDAGVTGI P DEAAGE 
LPAAGVVWTGKYLNEQI VQNFVS S QV3 TAKWLRGGVKFLDE I P KGSTGKI DRKVLRQMF 
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D PME DKNI LYGPEP FYPLADGTAGEQMF YALS RYADI S GC I ALTNAHTKRNVLYEELLKL 
5 C PlLAE S FKKYGLKQNDT IAVC S ENGI^JFFLP X IAS L YLGI I AAP VS DKYT ERE LI US LG 
I VKPRI I FCS KNTFQKVLNVKS KLKYVET III LDLNEDLGGYQC LNNF I S QN"SD I KLDVK 
KFKPYS FNRDDQVALVMFSS GTTGVS KGVKLTHKNI VARF SHAKD PTFGNAI NP TTAI LT 
VI P FHHGFGMMTTLGYFTCGFRVVLMHT FEEKLFLQ5LQD YKVE 5 TLLVPTLMAFFAK5A 
LVEKYDLS HLKE IAS GGAPL SKEI GEMVKKRFKLNFVRQGYGLT ETTSAVL I T PKHDVRP 
GSTGKIVP FHAVKWDPTTGKI LGPNET GEL YFKGDMIMKGY YNNEEATKAI I NKDGWLR 
S GD I AY YDNDGHT YIVDRLKSL I KYKGYQVAPAE I E GI LLQHP Y I VDAGVTGI P DEAAGE 
L PAAGWVQTGKYLNEQ I VQNFVS S QVS TAKWLRGGVKFLDE I P KGS TGKI DRKVLRQMF 
EKHTHG 
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o) 

D PMEDKNI LYGPE P FYPLADGTAGEQMF YALS RYAD ISGC IALTKAHT KENVXYEE FLKL 
S CRliAE S FKKYGLKQNDT I AVC S ENGLQ FFLP I IAS LYLGI I AAPVSDKY I ERE LI HS LG 
IVKPRI I FCSKNTFQKVLMVKSKLKYVETI 1 1 LDLNEDLGGYQCLNNF I S QWSD I NLDVK 
KFKPYS FWRDDQVAIjVMFS S GT TGVS KEVMLTHKKIWRFSLAKDPT FGHAI NPTTAJ LT 
VI PFHHGFGMOTTLGYFT CGFKWIMHT FE EKLFLQ SLQD YKVE S TliVP TLMAFFAK5A 
LVEKYDLS HLKE I ASGGAPLS KEI GEMVKKRFKLKFVRQGYGLTETT SAVL I T PHNDVRP 
GS TGKI VP FHAVKWD PTTGKI LGPNETGE LYFKGDKI MKGY YNNEEATKAI I TKDGWLR 
S GD I AYYDNDGHFYI VDRLKSL I KYKGYQVAPAE I EGI LLQHP YI VDAGVTGI PDEAAGE 
LPAAC7/VVQTGKYLNE QI VQNFVS S QVS TAKWLRGGVKFLDE I PKGST GKI DRKVLROKF 
EKHTNG 
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j- ) 

B FMEDKNI LYGPEP F YPLADGTAGEQMF YAX5 RYAD I S GC I ALTNAHTKENVL YEE FLKL 
S CRIAE 5FKKYGLKQNDT IAVC SENGLQFFLP I IAS I*YLGI I AAPVS DKYI E RELI HS LG 
I VKPRI I FCS KKTFQKVIiMVKS KLKYVET III LDLNEDLGGYQCUJNF I S QWS D I KLDVK 
KFKPYS FNRDDQVALVMFS 3 GTTGVS KGVMLTHKNIYARF S I AKDPTFGNAI NPTTAI LT 
VI PFHHGFQ1MTTLGYFT C GFRWIMHTFEEKLFLQS LQD YKVE S TLLVPTLMAFUUCSA 
LVEKYDLS HLKE I AS GGAP LSKEI GEMVKKRFKLNWRQGYGLTE TTSAVLI TPNNDVRP 
GS TGKI VP FHAVKWD PTTGKI LGPNET GEL YFKGDMIMKGYYNNEEATKAI I NKDGWLR 
S GD I AYYDNDGHFY IVDRLKS L I KYKGYQVAPAE I EGI LLQHP YI VDAGVTGI P DRAAGE 
LPAAGWVQTGKYLNEQIVQNFVS S QVS TAKWLRGGVKFLDE I PKGST GKI DRKVLRQMF 
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DPMEDKNI LYGPEP FYPLABGTAGEQMFDALS RYAD ISGC I ALTNAHTKENVL YEE FLKL 
S CRLAES FKKYGLKQNDT IAVC S ENGLQ FFLP I IAS L YLGI I AM VS DKYI E RELI US LG 
I VKP RI I FCS KNTFQKVLNVKS KLKYVET III LDLNEDLGGYQC LNNF I S QNS D I NUJVK 
KFKP YS FNRDDQVALVMFS S GT TGVS KGVMLTHKNI VARF S HAKDPTFGNAI NPTTAI LI" 
VI P FHHGFCa^MTTLGYFTCGFRWIiMHT FE EKLFLQS LQD YKVE S TLLVPTLMAFFAKSA 
LVEKYDLSHLKE IAS GGAPLSKEI GEMVKKRFKLNFVRQGYGLTE TTSAVLI TPHHBVRP 
GS TGKI VP FHAVKWD PTTGKI LGPNETGE LYFKGDMIMKGYYNNEEATKAI INKDGWLR 
S GDI AY YDNDGHF YIVDRLKSL I KYKGYQVAPAE IE GI LLQHP YI VDAGVTGI P DRAAGE 
LPAAGWVQT GKYLNEQ I VQNFVS 5 QVS TAKWLRGGVKFLDE I PKGST GKI DRKVLRQMF 
EK3TNG 
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DPMADKNI L YGP EP FYPLADGTAGEQMFDAIiS RYAD I S GC lALTNAHT KENVL YEE FLKL 
S CRLAE S FKKYGLKQNTT I AVC SENGLQFFLFVI AS LYLGI I AAFV5DKY I E RELI HS LG 
I VKPRI IFCSKNT FQKVLNVKS KLKSVET III LDLNEDLGGYQC LNNF ISQNSDI NUDVK 
KFKPYS FNRDDQVALVMFS S GTTGVS KGVMLTHKNI VARFSIAKDPTFGNAINPTTAI LT 
VI PFHHGFGMMT TLGYFT CGFRW1MHTFEEKLFLQ SLQDIfKVE S TLLVP TLMAFIAK5A 
LVEKYDL5HLKE IASGGAPLSKE I GEKVKKRFKLNFVRQGYGLT ETTSAVL I TPKxxARP G 
S TGKI VP FHfiVKVVDPTT<^IIiGPNEPGEIiYFKG2kMlMKBYYHNEEAT KAI I DBKDGOTLKS 
GD IAYYDNDGHF YI VDRLKS LI KYKGYQVAPAE I EG ILLQHP YI VDAGVTGI PDEAAGEL 
PAAGWVQTGKYMEQIVQDFVSSQVSTAKWLRGGVKFLDEI PKGSTGKI DRKVLRQMFE 
KHTNG$ 
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DPMADKNI LYGPE P FYP1ADGTAGEQMF YALS RYAD I S GC I ALTNAHTKENVL YEEFLKL 
SCRLAES FKKYGLKQWDTIAVCSEHGLQFFLPVIASLYIiGI IAAPVSDKYIERELIHSLG 
IVKPRI IFCSKWTPQKVLNVKSKLKYVETI I ILDLtJEDLGGYQCLNOTISQNSDIHLDVK 
KFKP YS FNRDDQVALVMF S3 GTTGVPKSSVMLTHKNI VARFSLRKDPTFGNAI NP TTAI LT 
VI P FHHGFGMOTTLGY FTCGFRWIMHT FEEKLFLQS LQD YKVE S TLLVPTLMAFIiAKSA 
LVEKYDLS HLKEIAS GGAPLSKE I GEMVTCKRFKLNFVRQGYGLT E TTSAVL I T P KxxVRPG 
S TGKI VPFHAVKWDP TTGKI LGPNEPGEL YFKGDMIMKGYYNNE EAT KAI IDKDGWLRS 
GD I AYYDNDGHF YI VDRLKS LI KYKG YQVAPAE I EG I LLQHP YI VEAGVTGI PD EAAGEL 
P AAGVWQTGKYLNEQ IVQNFVS S QVST AKHLRGGVKFLDE I PKGSTGKI DRKVLRQMFE 
KHXNG 
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J,) 



D PMADKNI LYGPE P FYPXADGTAGEQMFD7VLS RYAD I PGC I ALTNAHT KENVL YEE FLKL 
S CRLAES FKKYGIJCQNDT IAVC SENGLQYFLPVI AS LYLGI I AA.PVSDKYI E RELI HS LG 
I VKP RI I FCS KNT FQKVIiNVKS KLKYVET III LDLNEDLGGYQC LNNF I S QNS D I NIJ2VK 
KFKPNS FNUDDQfVXLVMFS S GTTGVPKGVMLTHKMIVARF5 XAKD PT FGNAI HPTTAt LT 
VI PFHHGFGMMTTLGYFT CGFRWliMHT FEEKLFLQ SLQD YKVES TUjVPTIMVFIAKSA 
LVEKYDLS HLKE I A5GGAFL SKEI GEMVKKRFKUJFVRQGYGLTETTSAVLI TPKwcARPG 
S TGKIVPFKAVKWDP TT GKI LGPNEPGELYFKGAMIHKGYYKNEEAT KA1 1 DKDGWLR5 
GD IAYYDTOGHF YI VDRLKS LI KYKGYQVAP AE I EG I LLQHP Y I VDAGVTGI PDEAAGEL 
PAAGVVVQTGKYLNEQ IVQNEVS S QVS TAKWLRGGVKFLDE I PKGSTGKI DRKVXRQKFE 
KHTNG 
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D PMADKNI L YGP EP F YPLADGTAGEQMFDALS RYAD IPGC I ALTNAHTKENVL YEE FLKL 
S CRIiAE S FKKYGLKQNDT I AVC S ENGLQFFLPVIAS LYI*GI I AAPVS DKYVERELI HSLG 
IVKPRI I FCSKNTFQKVLNVKSKLKYVETI I I LDLNEDLGGYQC LNNF ISQNSD SNLDVK 
KFKP MS FTJRDDGVAIiVMF S S GTTGVPK33VMLT HKNTVARF SLAKDPTFGNAI NPTTAI LT 
VI PFHHGFGMKT TLGYFTCGFRWliMHT FREKLFLQS LQD YKVE S TLLVPTIiMAFLAKSA 
LVEKYDLSHLKE IAS GGAPLS KE I GEMVKKRFKLNFVRQGYGLT ETTSAVLI TPKxxARPG 
S TGKIVP FHAVKWDP TTGKI I, GENE PGEL YFKGflMIMHSYYNWEEATKAI I DKDGWLR5 
GD IAYYDNDGHF Y I VDRLKS L I KYKGYQVAPAE I EGI LLQHP YI VBAGVTGI PDEAAGEL 
P AAGVWQTGKYLttEQ IVQNFVS S QVSTAKWLRGGVXFLDE I PKGS TGKI DRKVLRQMFE 
KHTWG 
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B PMADKNI LYGPEP F Y£ LADGTAGEQMFDAL5 RYAD I PGC IALTNAHT KENVLYEE FLKL 
S C RLAES FKKYGLKQNDT IAVC SENGLQ FFLPVI AS LYLGI I VAP VttDKYI ERELIHSLG 
I VKP RIVFC5 KNTFQKVLNVKS KLKSVET III LDLNEDLGGYQC LNNF I S QNS D INLDVK 
KFKPYS FNMDQVALIttFS S GT TGLPPCGVMLTHKNI YRRFSIJUa^PTFGMAI NPTTAI LT 
VI P FHHGFGMMTTLGYFT C GFRVVLMHTFEEKLFLQ SLQD YKVE S TLLVP TLMAFLAKSA 
LVEKYDLS HLKE IAS GGAP LSKEI GEMVKKRFKLNFVRQGYGLT E TTSAVL I TPKxxARP G 
5 TGKI VPFHAVKWDP TT GKILGPNEPGEL YFKOTMIMKGYYHNE EAT KAI tDNDGWLRS 
GD I AYYDNDGHF YI VDRLKS LI KYKG YQVAPAE I EGI LLQHP YI VDAGVT GI PDEAAGEL 
P AAGVW QTGKYLNEQ I VQDFVS S QVS TAKWLRGGVKFLDE I PKGS TGKI DRKVLRQMFE 
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JU 

D PMADKNI LYGP EP F YP LEDGTAGEQMFDALS RYAD IPGC IALTMAHT KENVXYEE FLKL 
S CRLAE S FKKYGLKQHDT IAVCS ENGLQFFLPVI AS L YLGI IVAFVNDK^T ERELI HS LG 
I VKPRI I FCSKNTFQKVLNVKSKLKSVETI 1 1 LDLNEDLGGYQCLNNF ISQNSDI KTLDVK 
KFKPYS FNRDDQVALLMFS S GTTGLPKGVMLTHKNI VART5LAKDPT FGNAI NPTTAI LT 
VI PFHHGFGMKT TLGYFTCGFRWLMHT PEEKLFLQS LQD YKVE STIiVP TLMAF1AKSA 
LVEKYDLSHLKE IAS GGAPLS KE I GEMVKKRFKLNFVRQGYGLTETTS AVL I T PKXXAKPG 
S TGKI VP FHWKWDP TTGKI LGPNEPGEL YF KGPMIMKGYYNNE EAT KAI IDNDGWLRS 
GDIAYYDNDGHFYIVDRLKSLIKYKGYOVAPAEI EGILLQHPYIVDAGVTGI PDEAAGEL 
- AAGVWQTGKYLNEQ IVQDYVAS QVSTAKWLRGGVKFLDE I PKGSTGKI DRKVLRQKFE 
KHTNG 
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D PMEDKNI LYGPEP F YPLAD GTAGEQMF YAIiS RYAD I S GCIAITNAHTKENVLYEEFLKL 
S CRLAES FKKYGLKQjNDT I AVC SENGLQ FFLPLI AS LYLGI I AAP VS DKY IERELI HS LG 
I VKP RI I FCS KNT FQKVLNVKSKLKYVET III LDLNEDLGGYQC LMWP I S QNS D I NLDVK 
KFKPNS FNRDDQfVALVMFS S GTTGV5 KGVMLTHKNIVARF SHCKDPTFGNAI NPTTAI LT 
VI PFHHGFGMKTTLGYFTCGFRVAIMHT FEEKLFLQ SLQD YKVE S TLLVFTIiMAFFAKSA 
LVEKYDLSHLKEIASGGAPLSKEI GEMVKKRFKLtTFVRQGYGLTETTSAVLI TPDTDVRP 
GSTGKIVT FHAVKWDPTTGKI LGPNETGEL YFKGDMIMKS YYNNEEATKAI INKDGWLR 
S GDI AY YDNDGHFYI VDRLKS L I KYKGYQVAP AE IEGILLQHPY I VDAGVTGI PDEAAGE 
LPAAGWVQTGKYLNE QI VQKFVS SQVS TAKWLRGGVKFLDE I P KGS TGKI DRKVLRQMF 
EEQUCSI^j 
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D PMMKRE KNVI YGP E P LH P LEDLTAGEML FRAL RKH S HL P QALVD WGDE S L S YKE FFEA 
TVLLAQSLHNCGYKMHDWS I CAENNTRFFI FVIAAWYI GMI VAPVNES YI PDELCKVMG 
I SKPQI VFTTKNI LNKVL EVQ S RTN FX KRI 1 I LDTVENIHGCESLPNFI S RYS DGNIANF 
KP LHFD P VEQVAAI LC S S GTT GL P KGVMQTHQN I CVRL I HALD P RAGTQ LIP GVT VLVYL 
P F FHAFG FS I TLG YFKVG LRVI MFRRFDQEAFL KAI QD YEVRS VI WVP S VI L FL S K S P LV 

DKYDLSSLRELCCGAAPLAKEVAEVAAKRLMLPGIRCGFGLTESTSAHIHSLRDEFKSGS 
L GRVT P LMAAKI AD RETGKAL G PNQVGELC I KGPMVS KGYVNNVEATKEAI DDDGWLHS G 
D FG YYDEDEH FYWDRYKEL I K YKG S QVAPAEL EE I LLKN PCI RDVAWG I P DL EAGEL P 
S AFWKQ P GKE I TAKEVYD YLAE RVS HT K YLRGGVRFVD SIP RN VT GK I T RKEL L KQL L E 
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11™ FGFS1TLGY ^ GLR ^ OT ^ FD Q^FLKAlQDYEVRSVrNVPSVILFLSKSPLV 

LGRVTPI^KIADRETGK^GPNQVGELCIKGPMVSKGYW^^S^^GwSsr 
DFGYYDEDEH^DR^^^ 



SAFV\nCQPGKEITAKEVYDYLAERVSHTKYLRGGVRFVDSIPRNVTGKITRKELLKQLLE 
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22. The luciferase of claim 21 further characterized as having a haif-Iife 
of 2 hours at 50°C. 
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22. The luciferase of claim 21 further characterized as having a half-life 
of 2 hours at 50°C. 
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Log luminescence 
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FIGURE 16 
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FIGURE ISA 
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FIGURE 18B 
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FIGURE 18C 
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FIGURE 19 
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Ppy GYQVAPAELE SILLQHPNIF 
Lno GYQVPPAELE SILLQHPFIF 
Ppel GYQVPPAELE ALLLQHPFIE 
Phg AYQVAPAELE ALLLQHPYIA 
GR GSQVAPAELE EILLKHPCIR 
YG GSQVAPAELE EILLKHPCIR 
Ppe2 GYQVAPAEIE GILLQHFYIV 

49-7c6 

78-OblO 

90-lb5 



500 

DAGVAGVPDP VAGELPGAW VLESGKKMTE 
DAGVAGVPDP IAGELPGAW VLEKGKSMTE 
DAGVAGVPDP DAGELPGAW VMEKGKTMTE 
DAGVAGIPDP DAGELPAAW VLEEGKMMTE 
DAGVAGLPDD OAGELPAAW VLEHGKTMTE 
DAGVAGIPDP DAGELPAAW VLEEGKTMTE 
DAGVAGVPDE VAGDLPGAW VLKEGKSITE 
DAGVTGIPDE EAGELPAACV VLEPGKTMTE 
DVAWGIPDL EAGELPSAFV VIQPGKEITA 
DVAWGIPDL EAGELPSAFV VKQFGKEITA 
DAGVTGIPDE AAGELPAAGV WQTGKYLNE 



Cons 


— QV-PAE-E 


— LL — P-I- 




501 




Lcr 


KEVMDYVASQ 


VSNAKRLRGG 




KEVMDYVASQ 


VSNAKRLRGG 


Lmi 


KEIVDYVNSQ 


WNHKRLRGG 


Pmi 


QEVMDYVAGQ 


VTASKRLRGG 


Ppy 


KEIVDYVASQ 


VTTAKKLRGG 


Lno 


QEVMDYVAGQ VTASKRLRGG 


Ppel 


KEIQDYVAGQ VTSSKKLRGG 


Phg 


KEVMDYIAER 


VTPTKRLRGG 


GR 


KEVYDYLAER 


VSHTECYLRGG 


YG 


KEVYDYLAER 


VSHTBCYLRGG 


Ppe2 


QIVQNFVSSQ 


VSTAKWLRGG 


49-7c6 






78-OB10 D 




90-lb5 


DY A 




Cons 




V K-LRGG 




551 




Lcr 


A KM 




Lla 


A KM 




Lmi 






Pmi 


SKL 




Ppy 


G , . . GKSKL 




Lno 


SKL 




Ppel 


GKSKSKAKL 




Phg 


AKL 




GR 


SKL 




YG 


SKL 




Ppe2 


KSK T 




49-7 c 6 


TNG* 




70-OblO TNG * 




<50-lb5 


TNG * 





D — V-G-PD AG-LP-A-V V GK 

550 

VRFVDEVPKG LTGKIDGRA. IREILKKFV. 
VRFVDEVPKG LTGKIDGKA- IREILKKPV. 
VRFVDEVPKG LTGKIDAKV. IREILKKPQ, 
VKFVDEVPKG LTGKID5RK. IREILTMGQK 
WFVDEVPKG LTGKLDARK. IREILIKAKK 
VKFVDEVPKG LTGKIDGRK, IREILMMGKK 
VEFVKEVPKG FTGKIDTRK. IKEILIKAQK 
VLFVNNIPKG ATGKLVRTE - LRRLLTQRA, 
VRFVDSIPRN VTGKITRKEL LKQLLEK5. * 
VRFVDSIPRN VTGKITRKEL LKQLLEKS. . 
VKFLDEIPKG STGKIDRKV, LRQMFEKH • - 



V-F P — -TGK 
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Key: 

Lcr: Luciola cruciata 

Lla: Luciola lateralis 

Lmi: Luciola mingrelica 

Pmi: Pyrocoelia miyako 

Ppy: Photinus pyralis 

Lno: Lampyris noctiluca 

Ppe-1: Photuris pennsylvanica (1} 

Phg: Phengodes sp. 

Gr: Pyrophorus plagiophthalamus (green) 

YG: Pyrophorus plagiophthalamus (yellow green) 

Ppe-2: Photuris pennsylvanica (2) 
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FIGURE 20 
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FIGURE 



22 



G GAT CCAAT G GAAGAT AAAAAT ATTT TAT AT GG AC CT G AACCAT TTT AT CCCTT G GCT G A 
T G G G ACGG C T GG AGAACAGAT G T TTT ACG CAT TAT CT CGTT ATG CAGAT AT TT CAGGAT G 
CAT AGCATT GACAAAT GCT CAT ACAAAAGAAAATGTT T T AT ATGAAGAG T T TTT AAAAT T 
G T CGT GT CGTT TAG CG GAAAGT TTT AAAAAG TAT GGAT T AAAACAAAAC GACACAAT AG C 
GGTGTGTAGCGAAAATG<5TTTGCAATTTTTCCTTCCTATAA 

AATAAT TG CAGCACCT GTT AGT G AT AAATACAT T G AACGT G AATT AAT ACACAGT CT TG G 
TAT T GT AAAACCACG CAT AATT T TTT G CTCCAAGAAT ACT T TT CAAAAAG TACT GAATGT 
AAAAT CTAAAT TAAAATATGT AGAAAC T ATT AT T AT ATT AG ACTT AAATGAAG ACT T AGG 
AGGT TAT CAAT GCCT CAACAACT TT AT T TCT CAAAATT CCG AT ATTAAT CT T GACGTAAA 
AAAATTT AAACCAT AT TCTTTT AATC GAG AC GAT CAG GTT GCGTTGGT AAT GTTT T CTT C 
T GGT ACAACT GGTGT TTCGAAGGGAGT CAT G CT AACT CACAAGAAT ATT GTT GCACGATT 
T TCTCTTGCAAAAGAT CCT ACT TTTG G T AACG CAATT AAT CCAACGACAG CAATTT TAAC 
GGT AAT AC CT TTC CACCATGGT TTTG GT ATGAT GACCACAT T AGGAT ACTT T ACTT GTGG 
AT TCCGAGT T GTT CT AATGCACACGTT T G AAGAAAAACT AT TTCT ACAAT CAT T ACAAGA 
T TAT AAAG T GG AAAGTACTTT ACTTGT ACCAACATT AAT G GCATTTCTTG CAAAAAGTG C 
ATT AGTT GAAAAGT ACG ATTT ATCG CACTT AAAAGAAAT T GCATCTGGTGG CGCAC CT TT 
ATCAAAAGAAATT G GGGAGAT GGTGAAAAAAC G GTTT AAAT T AAACTTT GT CAGG CAAG G 
GTATGGAT T AACAGAAAC CACT T CG G CT GT TT T AATT ACACCGAACAATGAC GTCAGAC C 
GGGAT CAACTG G T AAAAT AG T AC CAT T T CAC G CT GTT AAAGTT GT CGAT C CT ACAACAG G 
AAAAAT T T TGG G G C CAAAT GAAACT G GAG AAT T GT ATT T T AAAGG CGACAT GAT AAT G AA 
AGGT TAT TAT AAT AATGAAGAAG CT ACT AAAGCAATT AT T AACAAAGACGGATGGTT GCG 
CT CT G G T GAT AT T G CTT AT T ATGACAAT GAT G GCCAT TTT T AT ATTGT G GACAGG CT G AA 
GT CAT T AATT AAAT AT AAAGGTT AT CAGGT T GCACCT G CT G AAAT TGAG G GAAT AC T CTT 
ACAACAT C C GT AT ATT GT T GAT G C C GGCGT T ACTG GT AT ACCG GATGAAG C CGCG G G CGA 
G CT T C CAG CT G CAGGT GTT GT AG T ACAG AC T GG AAAAT AT CT AAAC GAACAAAT C G T ACA 
AAATTTTGTTTCCAGTCMGTTTCAACAGCCAAATGGCrACGTGGTGGGGTGAAATTTTT 
G GAT G AAATT C CCAAAG G ATCAAC T GG AAAAATT G ACAG AAAAG T GT T AAG ACAAAT GTT 
T G AAAAACACACCAATGGG * 
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FIGURE 23 



GGATCCAAT G GAAGAT AAAAAT ATT T T AT ATGGAC CTGAACCATTTT AT CCCTT GGCTGA 
T GGGACGG C T GGAGAACAGATGTTT TACG CATT AT C TCGTT ATG CAGAT AT TT CAGGATG 
CAT AGCATTGACAAATG CT CATACAAAAGAAAATGT T TT AT ATGAAGAGT T GTT AAAATT 
GTCGT GT C GT T TAG CGGAAAGTTTT AAAAAGT ATGGATT AAAACAAAACGACACAATM C 
GGTGT GT AG CGAAAATGGT T TG CAAT TTTTCCTTC C TAT AATTG CAT CAT T GT AT C T TGG 
AATAATTGCAGCACCTGTTAGTGATAAATAC^TT^ 

T ATTGT AAAACCACGCAT AAT 'I TT T T GCT CCAAGAAT ACTTTT CAAAAAG T ACTGAAT GT 
AAAAT CT AAAT T AAAAT AT GTAGAAACT AT T ATT AT ATT AGACTT AAATGAAGACTT AGG 
AGGT T ATCAATGC CTCAACAACTTT ATTT CTCAAAAT TC CGAT ATT AAT CT GGACGT AAA 
AAAAT TT AAACCATATT CT TTT AAT CG AGACG AT CAGGTTG CGTTGGT AAT GTTTT CT T C 
TGGT ACAACT GGT GTTT CGAAGG GAGTCAT GCTAAC T CACAAGAAT ATTGT TGCACGATT 
TT CT CATGCAAAAGAT C C T ACTTTT GGT AACGCAAT TAATC CAACGACAG CAATTTT AAC 
GGT AAT ACCT TTC CAC CAT GGTTTT GGT AT G ATG AC CACATT AGGAT ACTT TACTT GT GG 
ATT CCGAGT T GTT CT AAT GCACAC GT TTGAAGAAAAACTATTT CT ACAAT CATT ACAAGA 
TT AT AAAGT GG AAAGT ACT TT ACTT GT ACCAACATT AATGG CAnTTTT G CAAAAAGT GC 
ATT AGTT GAAAAGT ACGAT TT AT C G CACT T AAAAGAAATTGCAT CTGGTG G CG CAC CT TT 
AT CAAAAGAAATT GGGGAGATGGT GAAAAAACGGTTT AAATT AAACTTT GT CAGG CAAGG 
GT AT GGAT T AACAGAAACCACTT C G GCT G TTTT AAT T ACAC CGAACAATGACGT CAGACC 
GGGATCAACT GGT AAAAT AGTAC CATTT C ACGCTGTT AAAGTTGT CGAT C CTACAACAGO 
AAAAATTT T GGGG CCAAAT GAAACT GGAGAAT TGT AT TTT AAAGGCGACAT G AT AATGAA 
AGGT TAT T ATAAT AATGAAGAAG CT ACT AAAGCAAT T ATT AACAAAGAC G GATG GTT G CG 
CT CTGGT GAT ATT GCTT AT TAT GACAAT GATGG C CAT TTTT AT ATTGT G GACAG G CTGAA 
G T CATT AATT AAAT AT AAAGGTTATCAG GTTG CAC CTG CTGAAATTGAG G GAAT ACT CT T 
ACAACATCCGTATATTGTTGATGCCGGCGTTACTGGTATACCGGATGAAGCCGCGGGCGA 
GCTT C CAG CTG CAG G T GTTGT AGT A CAG ACTG GAAAAT AT C T AAAC GAACAAAT C GT AC A 
AAATTTTGTTTCCAGTCAAGTTTCAACAGCCAAATGGCTACGTGGTGGGGTG 
GG ATGAAATT C CCAAAGGAT C AACTG GAAAAAT T G ACAGAAAAG T G T T AAG A CAAAT G TT 
TGAAAAACACACCAATGGG* 
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FIGURE 24 



GGATCCAATGGAAGAT AAAAAT AT TTT AT AT GG AC CT GAAC CATTTT AT C CCTTG GCTGA 
TGQGACGGCTGGftGAACAGATG^TTTTACGCATTATCTOT 

CAT AG CAT TGACAAATG CTCAT ACAAAAGAAAATGTT T T AT ATGAAGAGTT TTT AAAAT T 
GT CGT G T CGTT TAG CGGAAAGT TTTAAAAAGT ATG G ATTAAAACAAAAC GACACAAT AGC 
GGTGT GT AG CGAAAAT GGTTT GCAATTTTT CCTT CCTAT AAT TGCAT CAT TGT ATCTTGG 
AAT AATTG CAGCACCTGTT AGTGAT AAAT ACATT G AACGTGAATT AAT ACACAGTCTTGG 
TAT T GT AAAAC CACGCAT AAT TTTTT G CT CCAAGAAT ACTTTT CAAAAAGT ACT GAAT GT 
AAAATCTAAATT AAAAT AT GTAGAAACT ATT AT TAT ATT AGACTT AAATCAAGACTT AGG 
AGGTT ATCAATG^XTTCAACAACTTT AT TTCT CAAAATT C CGAT ATT AATCTT G ACGT AAA 
AAAATTT AAACCAT ATT CT TTT AAT CG AGAC GATCAG GT T G C GT TGGT AATGTTTT CTT C 
TGGT ACAACTGGTGTTT CGAAGGG AGTCAT GCT AACT CACAAGAATATTGTTGT ACGATT 
TT CT CTTGCAAAAGAT CCT ACTTTTGGT AACGCAAT T AAT CCAACGACAG CAATTTT AAC 
GGT AATACCTTT CCACCATG GTTTTGGT ATGAT GACCACATTAGGAT AC T T TACT TGT GG 
ATTCCGAGT TGTTCT AATG CACACGT TT GAAGAAAAACTATTTCT ACAAT CATT ACAAGA 
TTAT AAAGTGGAAAGT ACTTT ACTT GTACCAACATT AATGG CATTT CTTGCAAAAAGT GC 
AIT AGTT GAAAAGT ACGAT TT AT CGCACTT AAAAGAAATT G CAT CTGGTGG CGCAC CTTT 
AT CAAAAGAAATT G GGG AG AT GGTC AAAAAACGGTTT AAATT AAACTTTGT CAGG CAAGG 
GT AT GGATT AACAGAAACCACTTCGG CT GT TTT AAT TACACCGAACAATGACGT CAGAC C 
GGGAT CAACTG G T AAAAT AGTACCATT T CACG C T GTT AAAGTTGT CGAT CCTACAACAG G 
AAAAATTTT GG GGCCAAAT G AAAC T G GAG AATT GT ATTTT AAAGG C GAC AT GAT AATGAA 
AGGTT ATT AT AAT AATGAAG AAG C T ACT AAAG CAATT ATT AC CAAAG ACGGAT G GTTG CG 
CT CT G GT GAT ATT G CTT ATTAT G ACAATGAT GGCCAT T TT TAT AT T GTGGACAGGCT GAA 
GT CAT T AATT AAAT ATAAAG GTT ATCAG GT TGCAC C T G CT GAAATTGAGGGAATACT CTT 
ACAACAT C C GT AT AT TGTT GATG C C G G C G T TACT G GT AT ACCGGATGAAG C CGCG GGCGA 
G CTTCCAG CTG CAGGT GTT GT AGT ACAG ACT G G AAAAT AT CT AAAC GAACAAAT C GT ACA 
AAATTTT G T TT CCAGT CAAGTT T CAACAG C CAAATG G CT ACGTG G T G GGGTG AAAT TT T T 
GGATG AAATT CC CAAAG GAT CAACT GX3AAAAATTGACAGAAAAG T GT T AAGACAAATG T T 
TGAAAAACACACCAATGGG* 
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FIGURE 25 



GGAT CCAATGGAAGAT AAAAAT ATTT T AT ATGGACCTGAACCAT T TT AT C C CT T G G CTGA 
T G GG ACGG C T GGAGAACAGAT GTTTT ACG CATT ATCT C GTT AT GCAGAT ATT T CAGGATG 
CAT AGCATT G ACAAAT GCTCATACAAAAGAAAAT GTTT TAT AT GAAGAGTT T T T AAAATT 
G T CGTGT C GTTT AG CGGAAAGTTTT AAAAAGT AT GGATT AAAACAAAACGACACAAT AG C 
G GTGTGT AGCGAAAATGOTTTGCAAT TTT TC CT T CCTATAAT TGCAT CATT GT ATCTTG G 
AATAATTG CAG CACCTGTT AGTGAT AAAT ACAT TGAACX3TGAATTAAT ACACAGTCTTG G 
TATTGT AAAAC CACGCAT AATTTT TTGCTCCAAGAAT ACTTTTCAAAAAGTACTGAATGT 
AAAAT CT AAAT T AAAAT AT GT AGAAACT ATT AT TAT ATT AGACTT AAAT GAAGACT TAG G 
AGGTT AT CAAT GCCT CAACAACTT TATT TCT CAAAAT TCCGAT ATT AAT CTTG ACGT AAA 
AAAATT T AAACCAT ATT CTTTT AATCGAGACGATCAGGTTG CGTTG GT AATGTTTTCTT C 
TGGT ACAACT GGTGTT T CGAAG GG AGT CATGCT AACTCACAAGAAT AT TGTTGCACGAT T 
TT CTATTGCAAAAGAT CCT ACT TTTG GT AACGCAAT T AAT C CAACG ACAGCAATTTT AAC 
GGTAAT AC CTTT C CACCAT GGTTTT G GT AT G ATGACCACAT TAG GATACTTT ACTTGT GG 
ATTCCGAGTTGTT CT AATG CACACGT TTGAAGAAAAACT AT T T CT ACAATCATT ACAAG A 
TT AT AAAGTGGAAAGTACTTT ACTT GT ACCAACATT AAT GG CAT TTCTTG CAAAAAGTG C 
ATT AGT T G AAAAGTACGAT TT AT C GCACTT AAAAGAAAT TGCATCTGGTGG CG CACCTTT 
AT CAftAAG AAATTGGGGAGATG GT G AAAAAACGGTTT AAAT TAAACTTT GT CAG G CAAGG 
GT AT G GATT AACAGAAACCACT T CGG C TGTT T T AAT TACACCGAACAAT GACGT CAG AC C 
G G GAT CAAC TGGT AAAAT AGT ACCAT T TCACGCTG T T AAAGTTGT C GAT CCTACAACAG G 
AAAAATTTT GGG G C CAAATGAAACTG G AGAAT TGT ATTTT AAAGG CG ACAT GAT AATGAA 
AGGTT ATT AT AAT AATGAAGAAG CT ACT AAAGCAAT TATT AACAAAG ACGG ATGGTTG C G 
CT CTGGT GAT AT T G CTT AT T ATGACAAT G ATG G C CATTTT TAT AT TGT GG ACAGG CTGAA 
GT CATT AATT AAATAT AAAGGTT AT CAG GTTG CACCT G C T G AAAT TGAGGGAAT ACT CT T 
ACAACAT C C G TAT ATT GT TG AT G CCGG CGTT AC TG GT AT ACCGG ATGAAG C C G CGGG CG A 
G CT T CCAG C T G CAGG TGT TGT AGT ACAG ACT G G AAAAT AT CTAAACGAACAAAT C GT ACA 
AAATTTTGTTTCCAGTCAAGTTTCAACAGCCAAATGGCTACGTGGTGGGGTGAAATTTTT 
GGATGAAATTCCCAAAGGATCAACTGGAAAAATTGACAGAAAAGTGTTAAGACAAATGTT 
TGAAAAACACACCAATGGG * 
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FIGURE 



26 



GGAT C CAATGGAAGAT AAAAAT ATT T TAT ATGGACCTGAACCATTT TAT CCCT TG G CTGA 
T GGG ACGG CTGGAGAACAGAT GT TT G ACG CATT ATCTCGTT ATG CAG ATAT T TCAGGAT G 
CATAG CATT G ACAAAT GCT CAT ACAAAAGAAAAT GTTTT AT ATGAAG AGT T T TT AAAAT T 
GT CGT GTC G T TT AG CGGAAAGTTT T AAAAAGT AT GGATT AAAACAAAACGACACAATAG C 
GGTGT GT AGCGAAAATGGTT TG CAAT TTTT CCTT CCTAT AATTG CAT CAT T GTAT CT TG G 
AATAATTG CAG CACCTGTT AGTGAT AAATACATT G AACGTGAAT T AATACACAGT CT TGG 
T ATTGTAAAACCACGCAT AA 1 T T T T TGCT CCAAGAAT ACrTTTT CAAAAAGT ACTGAATGT 
AAAAT CT AAATT AAAATAT GT AGAAACT AT TATTAT ATT AG ACTT AAAT GAAG ACTTAGG 
AGGTTATCAATG CCTCAACAACT T TATTT CTCAAAATT C CGAT AT T AAT CT T G AC GT AAA 
AAAATTT AAAC CATATT CTT TT AAT CG AGACGAT CAGGTTGCGTT GGTAAT Gl' IT T CTT C 
TGGTACAACTG GT GTTTC GAAGG GAGTCAT GCT AACT CACAAGAAT AT T GT T GCAC GAT T 
TTCTCATGCAAAAGATC C TACT T T TGGT AACG CAATT AAT CCAACGACAG CAATTTTAAC 
GGTAAT ACCTTTCCACCAT GGT T TTGGT AT GAt G ACCACATT AGGATACT T TACTT GTG G 
ATTCCGAGTT GTTCT AAT GCACACGTTT GAAGAAAAACT ATTT CT ACAAT CATT ACAAGA 
TTATAAAGTGGAAAGTACTTTACTICTACCAACACT 

ATT AGT T G AAAAGT ACGATTT ATCG CAC T T AAAAGAAATT G CAT CTGGTGGCGCACCTT T 
AT CAAAAGAAATTGGGGAGAT GGTGAAAAAACGGTTT AAATT AAACTTTGT CAGG CAAG G 
G TAT G GATT AACAGAAACCACTTCG G CT GTT T T AAT T ACAC CGAACAATGACGT CAG ACC 
GGG AT CAACTGGT AAAAT AG T AC CAT T T CAC G CTGT T AAAG T T GTCGAT CCTACAACAG G 
AAAAATTTT GGG G C CAAAT GAAACT G GAG AAT TGT AT T T T AAAGG CGACATGAT AATGAA 
AGGTT ATT AT AAT AATGAAGAAG C T ACT AAAGCAAT TAT T AACAAAGACGGATG GT TG CG 
CT CTGGT G ATAT T G CTT AT TAT GACAATGAT GG C CATT TT TAT ATT GT GGACAG GCTGAA 
GT CATT AATT AAATAT AAAGGT T ATCAGGT T G CACCTG CT G AAATT GAG GGAAT ACT CT T 
ACAACAT CCGT AT ATT GT T GAT GCCGG C GT TACT GGT AT ACCG GAT GAAG C C G C GGG C G A 
G CT T C CAG C T GCAGGT G T TGT AGT ACAGACTG G AAAATAT CT AAAC G AACAAAT CGT AC A 
AAATTTTGTTTCCAGTCAAGTTTCAACAGCCAAATGGCTACGTGGTQ 
GGAT G AAATT C C CAAAGG AT C AACT G GAAAAAT TG ACAGAAAAG T GT T AAGAC AAAT G TT 
TGAAAAACACACCAATOGG* 
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FIGURE 27 



DPMECKN ILYGPEPFYPLADGTAGEQMFYALSRYAD 1 5GCI ALTHAHTKEHVLYE EFLKL 
SCRLAES FKKYGLKQNDTI AVCSENGLQ FFLPI I ASLYLGI I AAPVSDKYIEEE LI HSLG 
I VKPKI I FCSKNTPQKVLNVKSKLKYVET III LDLNEDLGGYQCLtW FISQNS DINLDVK 
KFKPTS FHRDDQVALVMF3 SGTTGVSKGVMLTHKN I VARFSIAKDFT FGNAIN PTTAI LT 
VI PFHHG FGMMTTLG YFTCG FRVVI^TFEEiaFLQSI^DYKVESTLLVPTLMAEXAKSA 
LVEKYDLSHLKEI ASGGAPLSKEIGEHVKKRFKLK FVRQGYGLTETTS AVLIT PNNDVRP 
GSTGKI VPFHAVKWD PTTGKIIX3P1TOTGELYFKGDMIMKSYY11N&£ATK&X IHKDGWLR 
SGD I AY YDNDGH FY I VDRLKSLIKYKGYQVAPAE I EGILLQHPYI VDAGVTGI P DEAAGE 
LPAAGVWQTGKYLHEQI VQN FVSSQVSTAKWLRGGVKFLDEI PKGSTGKI DRKVLRQMF 
EKHTNG 
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FIGURE 28 



DFMEDKNI LYGPE P FYFLADGTAGEQMFYAL5RYADI SGCIALTNAHTKENVLYEELLKL 
SCRLAES FKKYGLKQNDT I AVCSENGLQFFLEI IAS LYLGI IAAPVS DKYIEREL1HS 1X3 
I VKPRI I FCSKKT FQKVLNVKSKLKWETI I ILDLNEDLGGYQCXNHFTSQNSDIWLDVK 
KFKPYS FNRDDQFVftLVMFS SGTTGVSKGVHLTHKNI VARFSHAKDFTFGNAI NFTTAILT 
VIPFHHGEXHMMTTl/^FTCGFRVVLMHTFEEf^ 

LVEKYDLSHLKE IASGGAFLSKE IGEKVKKRFKLN FVRQGYG LTETT S AV LIT PHM D VRP 
GSTGKIVPEHAVKVVDPTTGKILGPlffiTGELYEKGDMIMKCYYHWEEATKAIINKKWL^ 
SGDIAYYDNDGHFYI VDRLKSLIKYKGY QVAPAE IEGI LLQHP YIVDAGVTGI PDEAAGE 
L PAAG WVQT GKY LH E Q I VQN FV S S Q VST AKW LRGGVKFLDE I P KGS T GK I DRKV LRQM F 
EKHTKG 
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FIGURE 29 



DPMEDKN I LYG FE P FYPLADGTAGEQM FYALSRYAD I SGCI ALTNAHTKEN VLYEEFLKL 
S CRLAES FKKYGLKQN DTI AVCSENGLQ FFLFII ASLYLGI I AAPVSDKY IERELIHSLG 
I VKPRI I FCSKNT FQKVLNVKSKLKYVET III LDLNEDLGGYQCLHN FX5QN S D INLDVK 
KFKFTS FWRDDQVALVHFSSGTTGVSKGVMLTHKN I VVRFSLAKDFT FGNAINPTTAILT 
VI PFHHG rGMMTTLGYFTCG FRWU4HT FEEKLFLQSLQDYKVESTLLV£"TLMAFFAKSA 
LVEKYDLSHLKE XASGGAPLSKEIGEMVKKRFKLtl FVRQGYGLTETTSAVLITPHHDVRP 
GSTGKIVPFHAVKWDPTTGKILGPl^GELYFKGDMlMK^YHIffiEATKailTKTCWI^ 
SGDIAY YDNDGHFYI VDRLKS LIKYKG YQVAFAE IEGI LLQHPYIVOAGVTGI P DEAAGE 
L PAAGVWQT GKYLNEQ I VQN FVS S Q VST AKW I*RG GVKFL DE I FKG S TGK I DRKV LRQM F 
EKHSHG 
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FIGURE 30 



D PMEDKMI L YGPEPFYPLADGTAGEQM FYALSRYADI SGCI ALTHAHTKENVLYEEFUCL 
SCRLAES FKKYGLKQNDT I AVCSEtJGLQFFLPII ASLYLGI IAAPVS DKYIERELIHSLG 
IVKPRIIPCS10aTFQKVIl*VKSKLlOT 

K ETCFTS FNRDDQVALVMFS SGTTGVSKGVMLTHKN I VARFS IAKOPTFGNAIN PTTAILT 
VI P FHHGFGMMTTLGYFTCG FRWLMHT FEEKLFLQSLQDYKVEST LLVPTLMAFLAKSA 
LVEKYDLSHIJCEI ASGGAPLSKEIGEMVKKRFKLW FVRQGYGLTETTS AVLIT PKHDVRP 
GSTGKI VP FHAVKWD PTTGKIIiGPNETGELYFKGDMIMKCY YNNEEATKAI IHKDGWLR 
5GDX AYYDHDGH FY I VDRLKS LIKYKGYQVAPAE IEGI LLQHPYI VDAGVTG I PDEAAGE 
LPAAGWVQTGKYLMEQI VQNFVS5QVSTAKWLRGGVKFLDE I PKGSTGKI DRKVLKQMF 
EKH9KG 
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FIGURE 31 



DPHEDKM ILYGPE PFY PIiAOGTAGEQMED ALSRYADISGCI ALTNAHTKEHVLYEEFLKL 
SCRLAES FKKYGLKOMDTI AVCSEWGLQ FFLPI I ASLYLGI I AAPVS DKYIERELIHSLG 
IVKPR 1 1 FCSKNT FQKVLNVKSKLKYVET III LDLHEDLGGYQCLNNFI SQNSDIN LDVK 
KEKFY5 FNRDDQVALVMFS SGTTGV5KGVMLTHKN IVARFS HAKDFTFGN AIN PTTAI LT 
V I PFHHGFGMMTTLGY FTCG FRVVI^TFEEKLFLQSLQD YKVESTLLVPTLMAFFAKSA 
LVEKYDLSHLKE XASGGAPLSKEIGEKVKKRFKLN FVRQGY G LTETT S A V L IT PHKDVRP 
GSTGKI VPFHAVKWD PTTGKII^PNETGELYFKGDMIWKGYYNNEEATKAI INKDGWLR 
SGDI AYYDNDGHFYI VDRLKSLIKYKGYQVAFAE XEGILIX^HFYI VDftGVTG I P DEAAGE 
L PAAGWVQTGKYLNEQI VQN FVS SQVSTAKWLRGGVKFLDE I PKGSTGKI DRKVLRQMF 
EKHTNG 
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FIGURE 32 



GGAT CCAATGGCAGAT AAAAAT AT T T TAT AT GGGCCCGARCCATTTT ATCCCTT GG CT G A 
T GGG ACGG CT G GAGAACAG ATGT T TGACG CATT AT CT C GT TATG CAGAT ATTT CAGGATG 
C AT AGCATT GACAAAT G CTCAT ACAAAAGAAAAT GTTT T AT ATGAAG AGTTTT T AAAATT 
GTCGTGT C GT T TAG CGGAAAG T T TT AAAAAGT AT GGAT T AAAACAAAACGACACAAT AG C 
GCTCTGTAGCKaA^TGGTTTGCAATTTTTC 

AT AAT T G CAGCAC CTGTT AGT G AT AAAT ACAT TG AACGTGAAT T AAT ACACAGT CT TGGT 
ATTG T AAAACCACGCAT AATT TTTT G CT CCAAGAAT ACTTTT CAAAAAG T ACTGAATGT A 
AAAT CT AAATT AAAATCT G T AGAAACTATT ATT AT ATT AGACT T AAAT G AAGACT TAG GA 
GGT TATCAAT G CCT CAACAACTTT AT TT CT CAAAAT T C C G ATATT AAT CT TGACGT AAAA 
AAATTT AAACCAT AT T CT T TT AAT CGAGACGAT CAGGTT GCGTTGGT AATGTTT TCTT CT 
GGT ACAACT GGTGTTTCGAAG G G AGT CAT GCT AACTCACAAGAAT AT TGTTG CACGAT TT 
TCT CTT GGAAAAGATCCT ACTT TTGGT AACXK^AATT AATCCCAC G ACAGCAAT T TT AACG 
GT AAT ACCTTT CCACCATGGT TTTGGT ATGA t g AC CACATT AGGAT AC T FT ACTT GT GGA 
TT CCG AGTTGTT CT AATG CACAC GTT TG AAGAAAAACT ATT T CTACAAT CAT TACAAGAT 
T AT AAAGTGGAAAGT ACT T TACTT GTACCAACATT AATG G CAT TTCTT GCAAAAAGTGCA 
T T AGTTGAAAAGT AC GAT TT AT CGCACTT AAAAGAAATT GCATCTGGT GGCGCACCTTT A 
TCAAAAGAAATTG GGG AGATG GTGAAAAAACGGT TT AAAT TAAACT TTGTCAGGCAAGGG 
TAT G GAT T AACAGAAAC CACTT CGG CT GT TTT AATT ACACCGAA Ay y icxxx GC CAGACCG 
G GAT C AACTG GT AAAAT AGT ACCATTT CACG CT GTT AAAGTT G T CG AT C CT ACAACAG G A 
AAAATTTTGGGGCCAAATGAACCTGGAGAATTGTATTTTAAAGGCGCCATGATAA 
GGTT ATT AT AAT AATGAAG AAG CT ACT AAAG CAAT T ATTG ATAATGAC G GAT GGT T GCG C 
TCTGGTG AT AT TG CT TAT T ATGACAATGAT G G C CAT TTTT AT ATT GT G G ACAGG C TG AAG 
T CAT T AAT T AAAT AT AAAGGT T ATCAGG TT GCAC CTG C T G AAATT GAGGG AAT ACT CTT A 
CAAC AT CCGT AT AT TGTTGAT GC C G G C G T TAG T GGT AT TC CG GAT GAAG CCG C G GG CGAG 
C T TCCAG CTG CAGGTGT T G T AGT ACAG ACTG G AAAAT ATCTAAACGAACAAAT CGT ACAA 
GATTTTGTTTCCAGTCAAGTTTCAACAGCCAAATGGCT 

GATGAAAT T CC CAAAGG ATCAACT GGAAAAATT GACAGAAAAGTGTT AAG ACAAAT GTTT 
GAAAAACACACCAATGGG* 
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FIGURE 33 



GGATCC7VATGGCAGAT AAAAAT ATTTT AT AT GGGCCC GAACCATTT TATCCCTT GG CTGA 
TGGGACGG CTG GAG AACAGAT GTTTT ACG CATT AT CT CGT TAT G CAGATATTTCAG GATG 
CAT AGCAT T GACAAAT GCT CAT ACAAAAGAAAAT GT T TTATATGAAG AGTTTTT AAAATT 
GT CGTGT CGT TT AGCG G AAAGTTTT AAAAAGT ATGGATT AAAACAAAACGACACAAT AG C 
GGTGTGT AG CGAAAATGGTTTGCAATTTTTCCT TC CT GT AATTG CAT CATTGT AT CT TG G 
AAT AATT GCAGCACCTGTT AGTGAT AAAT ACAT TGAACGTGAAT T AAT ACACAGTCT TG G 
T ATTGT AAAACCACGCAT AATTT T T T GCT CCAAGAAT ACTTTT CAAAAAGT ACTGAATGT 
AAAAT CT AAAT T AAAAT AT GT AGAAACT ATT AT T ATATT AGACT T AAATGAAGACT TAG G 
AGGTTATCAATGCCTCAAGAACTTTATTTCTC^^ 

AAAATT T AAACCAT ATT CT TTT AAT CG AG ACGAT CAGGTTG CGT TGGT AAT GT TTT CTT C 
TGGTACAAC TGGTGTTC CG AAG GGAGTCATG CT AACT CACAAGAAT AT T GTT GCACGATT 
TTCTCTTGCAAAAGAT CCTACT TTTGGT AAC GCAATT AAT C CAACGACAGCAATTT T AAC 
GGTAAT AC CTTT C CAC CATG G T TTTGGT AT G ATGAC CACAT T AGG AT ACT T TACT TGTGG 
ATTCCGAG T TGTT CT AATG CACACGTTTGAAGAAAAACT AT T T CT ACAATCATT ACAAGA 
TT AT AAAG TGGAAAGT ACTTTACTT GT AC CAACATT AATG GCATTT CTTGCAAAAAGT GC 
ATT AGTT G AAAAGTACGATT TAT C G CACT TAAAAGAAATTGCATCTGGTGGCG CACCT TT 
AT CAAAAG AAAT TGGGGAGATGGT GAAAAAAC GGT T T AAATT AAACTTTGTCAG GCAAGG 
GT AT GG ATT AACAGAAAC CACTT CGG CT GTTT T AAT T ACAC CGAAAxx jcxxxG T CAGACC 
GGG AT CAAC T GGT AAAAT AGTACCAT T T CAC G CT G T T AAAGTT GT CGAT C CT ACAACAG G 
AAAAAT TTT GGG G C CIAAATGAACCTGG AGAAT TGT ATTTT AAAG GCGACAT GAT AAT GAA 
AGGTT ATT AT AAT AAT G AAGAAG CT ACT AAAGCAATT AT T GATAAAGACG GAT GGT T G C G 
CT CTGGT GAT AT T G CT TATT ATG ACAAT GAT GG C CATT T T TAT ATT G T GG ACAGG C TGAA 
G T CATT AATT AAAT AT AAAG GTT AT CAG GT T G CAC C T GCT GAAATT G AGGG AAT ACTCT T 
AC AACAT C C G TAT AT TGTT GATG CC G G CG T T AC TGGT AT ACCGG AT G AAGCCGCG GG C GA 
GCT T C CAG CT GCAGGTGT T GT AG T AC AGACT G G AAAAT ATCT AAACG AACAAAT C GT ACA 
AAATTTTGTTTCCAGTCAAGTTTCAACAGCCAAATGGCT^ 

GGATG AAAT T C C CAAAG G AT CAACTGG AAAAATT G A CAGAAAAG T GTT AAGACAAAT G TT 
TGAAAAACACAC CAATGGG * 
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FIGURE 34 



GGATC CAAT GGCAG AT AAAAAT ATT T TAT AT GGGCCCGAACCATTTT AT C CCTT GGCTGA 
TGGGACGG CTGGAGAACAGAT GTT TG ACGCAT TAT CT CGT T ATG CAGAT AT TC CCGGATG 
CAT AG CAT TGACAAAT G CT CAT ACAAAAG AAAATGTTTT AT AT GAAGAGTTTTT AAAATT 
GT C GT GT CGTTT AG C GGAAAGTTTT AAAAAGTATG GAT T AAAACAAAACGACACAAT AG C 
GGTGTGTAGCGAAAATGGTT^CAATATTTCCTTCCTCTAAT 
AATAATTGCAGOVCCTGTTAGTGATAAATACATTGAACGT^ 

TATTGT AAAACCACGCAT AATTTTTT GCT CCAAGAATACTTT TCAAAAAGT ACTGAATGT 
AAAAT CT AAATTAAAAT ATGT AGAAACT AT TAT TATATT AGACTT AAATG AAGACT T AGG 
AGGTT AT CAATG CCT CAACAACTT T ATTT CT CAAAATT C C GAT ATT AATCTT G ACGTAAA 
AAAAT TT AAAC CAAAT T CTT T T AAT CGAG AC G ATCAGGTT GCGTTGGT AATGTTTTCTTC 
TGGT ACAACTG GT GTT CC GAAGGGAGT CATGCT AACT CACAAGAAT ATTGTT G CACGATT 
TT CT ATT GCAAAAGAT CCT ACTTTTGGT AACGCAATT AAT CCAACG ACAG CAAT TTT AAC 
G GT AAT AC CT TT CCACCAT GGTTTTG GT AT GATGAC CACATT AGGAT ACT T T ACTTGTG G 
ATTCC GAGT TGTTCTAAT GCACAC GTT TGAAGAAAAACT ATT TCTACAAT CAT TACAAGA 
T TAT AAAGT GGAAAGT ACTTT ACT T GT AC CAACAT TAATGG CATTTCT T GCAAAAAGT GC 
ATT AGT T GAAAAGTAC GATTT ATCGCACT T AAAAGAAATT G CAT CTGGTGG CGCACCT TT 
ATCAAAAGAAATTGGGGAfiRTQGTGAAAAAACSGrrT^ 

GT AT GG AT T AACAGAAAC CACTT CGG CT GT T TT AATT ACACCGAAAxxXXXatGCCAGAC C 
G G GAT CAACT G GT AAAAT AGT AC CATT TCACG C T GTT AAAGT T GT CGAT C CT ACAACAGG 
AAAAAT T TT G GGGCCAAATGAACCT G GAGAATT G TAT T TT AAAGGCGCCAT GAT AATGAA 
GGGTT AT TAT AAT AATGAAGAAGCT ACT AAAG CAAT T ATT GAT AAAG ACGCATGGTT G C G 
CT CT G G TGAT ATTG CT T ATT ATGACAAT GAT G GCCATTTTT AT ATTGTGG ACAGG CT GAA 
GT CAT T AAT T AAAT AT AAAG GTT ATCAG GTT GCAC CT G C T G AAATTGAGGGAAT ACT CT T 
ACAACATCCGTATATTGTTGATGCCGGC^JTTACTGGTATACCGGATGAAGCCGCGGGCGA 
G CT T C CAG C T G CAG GTGT T GT AG T AC AG AC TGGAAAAT AT CT AAAC GAACAAAT CGT ACA 
AAATTT T GT T TCCAGT CAAGT T T CAACAG CCAAAT G GCT AC G T GGT G G G GT G AAA 1 1 J i V T 
GGATG AAAT T C C CAAAG GAT CAA CT GG AAAAAT T G A CAGAAAAGTGT T AAG ACAAAT GTT 
TGAAAAACA CAC CAATGCG * 
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FIGURE 35 



GGAT C CAATGG CAGATAAAAAT ATTTT ATATGGGC CCGAACCATTTT ATCC CT TGGCT G A 
TGGGACGGCTG G AGAACAGAT G TTTGACGCATT AT CTCGTT ATG CAGAT ATTCCCGGATG 
CAT AG CATTGACAAAT GCT CAT ACAAAAG AAAATGT T TT AT ATGAAGAGTTTT TAAAATT 
GTC GT GTCGT TT AG CGGAAAGT TTT AAAAAGT ATG GATT AAAACAAAACGACACAAT AGC 
GGTG T GT AG C GAAAATGGTTT GCAATT T TTCCTT C C TGT AATTG CAT CATTGT ATCTT GG 
AATAATTGCAGCACCTGTTAGTGATAAATACOTTO 

T ATT GT AAAACCAC GCAT AAT T TTTT G CTCCAAGAATACTTTT CAAAAAGT ACT GAAT GT 
AAAAT CT AAAT TAAAAT AT GT AGAAACTATT ATT AT ATT AGACTT AAATGAAGACTI^ AGG 
AGGT TATCAATG C CT CAACAACTTT AT TTCT CAAAATT C C GAT ACT AATCT GGACGT AAA 

TG GT ACAACT GGT GT TC C GAAGGGAGTCATG CT AACT CACAAGAAT ATTGTT GCACGATT 
TT CTCTTGCAAAAGAT C CT ACTTT T G GT AACG CAAT TAAT C CAAC GACAG CAAT TTT AAC 
G GT AATAC CT TT CCACCAT GGTTT T GGT ATGATGACCACAT TAG GATACTTT ACTTGT GG 
AT TCCGAG T TGTT CT AAT GCACACGT TTGAAGAAAAAC T ATTT CT ACAAT CAT TACAAGA 
TT AT AAAGT GGAAAGT ACT TT ACT TGT AC CAACAT TAAT G G CAT T T CTT G CAAAAAGT G C 
AT TAGTT GAAAAGT AC GATTT AT CGCACT T AAAAG AAAT T GCAT CTGGT G G CGCAC CT TT 
ATCAAAAGAAAT TGG GGAGATG GT GAAAAAACG GTTT AAAT T AAACTTT GT CAGG CAAGG 
GTATG GAT T AACAGAAACCACT T CGG C T G T T T T AATT ACACCG AAAxx^xxjcGC CAGAC C 
G<5GAT CAA CT G GT AAAAT AGTACCATT T CACGCT GTT AAAGT T GTCGAT CCTACAACAG G 
AAAAAT T TT G G GG C CAAATGAAC CT G GAG AATTGT AT TTT AAAGG CG CC ATG AT AAT G AA 
GGGT T ATT AT AAT AATGAAGAAG C T ACTAAAGCAAT T ATTGAT AAAGACGG ATG G T TG C G 
CT CT GGTGAT ATT G CTT AT T ATGACAATG ATGG C CATTTTT AT ATT GT GG ACAG G CTGAA 
GT CATT AAT T AAAT AT AAAGGTT AT CAGGTT G CACCTG CT GAAATT GAGGG AAT ACTCT T 
ACAACAT C CGT AT ATT G T TG AT G C CGGC GTT AC T GGT AT AC C G GAT GAAGC C G CG GGCGA 
G CTT C CAG CTG C AGGT GT TGT AG T A CAGAC TGG AAAAT AT C T AAAC G AA CAAAT CGT AC A 
AAATTTTGTTTCCAGTCAAGTTTCAACAGCCAAATGGCTACGTGGTGGGGTGAAAT1TTT 
GGAT G AAATT C C CAAAGGAT CAACT GGAAAAAT T G A CAG AAAAG T G TT AAGACAAATG T T 
TGAAAAACACACCAATGGG * 
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FIGURE 36 



DPMADKN ILYG PE PETPLADGTAGEQMFDAI*SRYA0ISGCIALTNAHTKEKVLYEE FLKL 
SCRLAES FKKYGLKQNDT I AVCSENGLQFFLPVI ASLYW3I 1AAPVSDKY IERELXHS LG 
I VKPR 1 1 FCS KNT FQKVLN VK3KLKS VET 1 1 ILDLNE DLGGVQCLMN FI SQNS D IN LDVK 
KFKPTS FITODOQVALVMFSSGTTGVSKGVMLTHKHrVARFSIAKDPT FGNAINFTTAI LT 
V I PFHHGFCMM^ TliGYFTOGFRVVLMHTFEEKL FLQS LQDYKVESTLLVPTmAFLAKSA 
LVEKYDLS HIJCEI ASGGAPLSKEIGEMVKKRETCLNFVRQGYGLTETT SAVLITPKaocARFG 
STGKrVPFHAVKWDPTTGKI LGPNEPGELY FKGAHIHRGY YHNEEATKRI IDHDGHLRS 
GDIAYYDNDGHFY I VDRLKSLIKYKGYQVAPAE IEGILLQH P YI VDAGVTGI FDEAAGEL 
PAAGVWQTGKYLNEQI VOD FVS SQVSTAKWLRGGVKFLDE I PKGSTGKI DRKVLRQMFE 
KHTWG$ 
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FIGURE 37 



D PMADKNI LYGPEF FYPLADGTAGEQMFYALSRYADX SGCIALTNAHTKENVLYEEFLKL 
SCRLAES FKKYGLKQNDT I AVCSENGLQFFLPVIASLYLGI IAAPVS DKYIEREL I HSLG 
I VKPRI I FCSKNTFQKVLKVKSKLKYVETI I ILDLNEDLGGYQCLNNFI SQNS DINLDVK 
KFKFYS FNRDDQVALVN FSSGTTGVEKGVMLTHKNIVARFSIAKDPTFX3NAIWPTTAILT 
V IP ET1HGFGMMTTLGYFTCGFRVVLMHT FEEKLFLQSLQDYKVESTLLVPTUlAFIiAKSA 
LVEKYDLSHIJCEI ASGGAPI^KEIGEMVKKRFKL« FVRQGYGLTETTS AVLIT PKxxVRPG 
STGKrVPFHAVKVVDPTTGKILGPNEPGELYFKGDM IMKGYYNNEEATKAI IDKDGWLRS 
GDIAY YDNDGHFY IVDRLKS LIKYKG YQVAPAE IEGI LLQHPYI VDAGVTG I PDEAAGEL 
PAAGVWQTGKYLHEQI VQN FVS S QVSTAKWLRGGVKFLDEI PKGSTGKI DRKVLRQMFE 
KHTHG 
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FIGURE 38 



DPMADKN I LYGPE PFYPIADGTAGEQMFDALSR YADI PGCI ALTNAHTKEN VLYEEFLKL 
SCRLAES FKKYGLKQNDT I AVCSENGLQYFLPVI ASLYLGI I AAPVSDKY I ERELIH5LG 
I VKPEI I FCSKNTFQKVLN VKS KLKY VETI J ILDLNEDLGG YQCLHNFI SONS DIHLDVK 
KFKPNS FNRDDQVALVMFS SGTTGVPKG VHLTHKN IVARFS IAKDPTFGNAIN PTTAILT 
VI PFHHGFGMMTTLGYFTCGFRVVLMHT FEEKLFLQSLQDYKVESTLLVPTLMAFLAKSA 
LVEKYDLSHLKElASGGflPLSKElGEMVlCKRFKLN FVRQGYGLTETTS AVLIT PKxxARFG 
STGKI VP FHAVKWDPTTGKII^PNEPGELYFKGAMIMKGY YNNEEATKAI IDKDGWLRS 
G DI AY YDN DGHFYI VDRLKSLIKYKGYQVAPAE IEG ILLQHPYI VDAGVTGI PDEAAGEL 
P AAGVW QTGKYLN E Q I VQU FVS S Q V S T AKW LRGGVK FLDE I PKG S T GK I DRKVLRQMFE 
KHTNG 
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FIGURE 39 



D PMADKNI LYGPEPFYPIJUX^AGEQMroAI^RYADIFTCIAI/riJfiHTKENVLYEEETiKL 
SCRLAE S FKKYGLKQNDT IAVCSEHGLQFFLPVTASLYLGI I AAPVS DKYVERELIHSLG 
I VKPRI I FCSKin'FQKVLNVKSKLKYVETI 1 1 LDIJJEDLGGYQCLWNFI SQNSDSNLDVK 
KETCPNS FNRDDQVALVMFS SGTTGVPKGVMLTHKHIVARFSLAKDPTFGNATNPTTAI LT 
VI PFHHGFGMKTTLGYFTCGFRWUfflTFTlEmFLGS 
LVEKYDLSHIJtEIASGQAPLSKEIGEMVKKRFKLNFVRQGYGLTET^ 
STGKI VPFHRVKVVDPTTGKILGPNEPGELYFKG^IHKGYYHHEEATKAI IDKDGWLRS 
GDIAYYDNDGH ITYI VDRIiKSLIKYKGYGVAFAE IEGI LLQHP YIVDAGVTGIPDEAAGEL 
PAAGVWQTGKYLMEQIVQN FVSSQVSTAKWLRGGVKFLDEI PKGSTGKI DRKVLRQMFE 
KHTHG 
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FIGURE 40 



GGAT CCAATG GCAGAT AAAAATATTTTATATGGGC CCGAAC CAT T TT AT CCCTTG GCT G A 
TGGGACGG C T GGAGAACAGATGT TTGACGCAT TAT C T C GTT AT GCAGAT ATTCCG GGCTG 
CAT AG C ATT G ACAAAT G CT CAT ACAFkAAGAAAATGTT T TAT AT GAAGAGT TTTT AAAATT 
GT CG T G TCGT TT AG CGG AAAGT TTT AAAAAGT ATG GATT AAAACAAAACGACACAAT AGC 
GGT GT GTAG CGAAAATGGTTT GCAATTTTT C CTT CCTGT AAT T GCAT CATTGTAT CTT GG 
AAT AATTGTGGCACCT GTT AACGAT AAAT ACATTGAACGT GAATT AAT ACACAGT CTT GG 
T ATTGT AAAAC CACX5CAT AGfT T TTTTGCT C CAAGAATACT T T TCAAAAAGT ACTGAAT GT 
AAAATCT AAATT AAAATCT G T AGAAACT AT TATT ATATT AG ACTT AAATGAAGACTT AGG 
AGGTT AT CAAT G CCTCAACAACTT TATTT CT CAAAATTCCGAT ATT AATCTTGACGT AAA 
AAAATTT AAAC CAT ATT CT T TT AATCGAGACGAT CAGGTTGCGTTGATT AT GTTT T CT T C 
T GGT ACAACT G GTCTGC CGAAGG G AGT CATGCT AACTCACAAGAAT ATTGTTG CACGATT 
T TCT CTT GCAAAAGAT C CTACTTT TG GT AACG CAATTAATCCCAC GACAGCAAT TTT AAC 
GGT AAT AC CTTT C CACCATGGTTTTG GT ATGAT G AC CACATT AG G AT ACTTT ACTTGTGG 
ATT C CGAGTT GTT CT AATG CACACGT T TGAAGAAAAAC TATTT C T ACAAT CATT ACAAGA 
TT AT AAAGT GGAAAGTACTTT ACTT GTACCAACATT AAT GG CATT TCTTG CAAAAAGTG C 
ATT AGT TGAAAAGTACGATT TAT CG CACTT AAAAGAAAT T G CAT CTGGTG GCG CAC CTTT 
AT CAAAAGAAAT TGGGGAGAT GGT G AAAAAACGGT T T AAAT T AAACTTT GT CAGGCAAG G 
G T ATGGAT T AACAGAAAC CACTT C GGCTGT T T T AAT T ACACCGAAAxxxxXxGCCAGACC 
G GGAT CAACT G GT AAAAT AGT AC CATTT CACG CT GT T AAAGTT GTCGAT CCT ACAACAG G 
AAAAATT TT G GGG C CAAATGAACCTG GAGAATT G T ATTTTAAAGG CC CG ATGAT AATGAA 
GGGT TAT TAT AAT AAT G AAGAAGCT AC T AAAG CAATT ATTGATAAT GACGG ATGGT TG CG 
C T C T G GTGAT AT T GCT T ATT AT G ACAAT G ATG GCCATTTTT AT ATT GT GG ACAGG CTGAA 
GT CAT T AAT T AAAT ATAAAG G T TAT CAGGTT G CAC CT G C TGAAAT T G AGGGAAT ACT CTT 
ACAACATCCGTATATTGTTGATGCCGGCGTTACTGGTATTCCGGATGAAGCCGCGGGCGA 
G CTT C CAGCT G C AGGTGT T GT AGT ACAGAC T G G AAAAT AT C T AAACG AACAAAT CGT ACA 
AGATTTTGTTTCCAGTCAAGTTTCAACAGCCAAATGGCTACGTGGTGGGGTGAAATTTTT 
GGATG AAAT T C C CAAAG GAT CAACTG GAAAAAT T G AC AGAAAAGT GTT AAG ACAAAT GTT 
TGAAAAACACACCAATGGG 
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FIGURE 41 



D PMADKN I L YGPEPFYPIADGTAGEQMFDALSRYADI PGC I ALTNAHTKENVLYEE FLKL 
SCRLAES FKKYGLKQHDT XAVCSEttGLQFFLFVXASIiYLGI IVAPVNDKYTERBLIHSIX5 
I VKPRIVFCSKNTFQKVLH VKS KLKSVET III LDLNE DLGG YQCLNN FISQNS D IN LDVK 
KFKPYS FNRODQVAL1MFSSGTTGLEKGVMLTHKN I VARFSIAKDPT FGNAINFTTAI LT 
VI PFHHGFGMMTTLG Y FTCGFRWLMHT FEJ^CLFXQSIiQDYKVESTLLVPTLMAFIiAKSA 
LVEKYDLSHLKE IASGGAPLS KE I GEMVKKRFKLNFVRQGYGLTETTSAVLlTPKaocARPG 
STGKIVPFHAVKWD PTTGKI LG FNEPGELYFXGPMIKKGYYNNEEATKAI IDNDGWLRS 
G DIAYYDNDGHFY IVDRLKS LIKYKG YQVAPAE IEG ILLQHP YI VDAGVTG I PDEAAGEL 
PiU\GVWQTGKYLNEQlVQDFV3SQVSTAKWI^GGVKFLDEIPKGSTGKIDRKVLRQ«FB 
KHTNG 
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FIGURE 42 



GGATC CAATGGCAGAT AAGAAT AT TTTAT ATG GGCCCGAAC CATTTT ATC CCT T GGAAGA 
TG GGACGGCTGGAGAACAGATGTTTG ACG CAT TAT CTCGTT ATG CAGATAT T CCGGGCTG 
CAT AG CAT TGACAAAT GCT CAT ACAAAAGAAAAT GT TTT AT ATGAAGAGTT T CT G AAACT 
G T CGT G T CGTTT AGC GGAAAGTT TT AAAAAG TAT GG ATT AAAACAAAACGACACAAT AGC 
G GTGT G TAGCGAAAATGGTCTG CAAT TTTT C C TT CCTGT AATTG CAT CATT G TATCTTGG 
AATAAT TGTGGCAC CTGTT AACGAT AAAT ACATT G AACGT GAATTAAT ACACAGTCTT GG 
T ATTGT AAAACCACG CAT AATTTTTT GCT CCAAGAAT ACTTTT CAAAAAGT ACT GAAT GT 
AAAAT CTAAATT AAAATCT GT AGAAACT ATT AT T ATATT AGACTT AAAT GAAGACTTAGG 
AGGTT ATCAATG CCT CAACAAC T TT ATTT CT CAAAATT C C GAT ATT AATCT T G ACGT AAA 
AAAAT T T AAACCAT ATT CTTTT AAT CGAGACGAT CAGGTT G CGTTGTT AATGTT T TCTTC 
TGGT ACAACTG G TCT GC C GAAG GG AGTCAT GCT AACTCACAAGAAT AT T GT T GCACGAT T 
T TCT CTTGC aAAAGATC CT ACT T TT GGT AACG CAATT AAT CCCACGACAG CAAT T TTAAC 
GGT AAT AC CT TT CCAC CAT G GT TTT GGT AT GAT G ACCACATT AGGAT ACTTT ACT TGTGG 
ATT CCGAGTT GTT CTAAT GCACACGTTT G-AAGAAAAACT ATTT CT ACAAT CAT T ACAAGA 
TTATAAAGTGGAAAGTACTTTACTTGTACCAACATTAATGGCAT^ 

ATT AGTT GAAAAGT AC GATTT AT C GCACTTAAAAGAAAT T GCAT CTG GTG GCGCACCTTT 
ATCAAAAGAAATTGGGGAGATGGTGAAAAAATOGTT^ 

GT ATGG AT T AACAG AAAC CACTT C GG Cl'GTTTT AAT T ACACCGAAAxxXKacacGCCAAAC C 
G G GAT CAA CTGGT AAAAT AGT AC CATT TCACG CTGT T AAAGTTGT CGAT CCT ACAACAGG 
AAAAAT T TTG GG G C CAAAT GAACCTG G AGAATTGT AT T TT AAAGGCCCGATGAT AAT GAA 
GGGTT ATT AT AAT AATGAAGAAGCT ACT AAAGCAAT T ATTGAT AATG AC GG ATGGTT GCG 
C TCT G GTGAT AT TG C TT AT TAT G ACAATGATG G C CAT TTT TAT AT T GTG GACAGG CT GAA 
GT CACTGATT AAAT AT AAAG G T TAT C AG G T T G CAC CT G CT GAAAT TG AG GGAAT ACT CTT 
ACAACATCCGTATATTGTTGATGCCGGCGTTACTGGTATTCCGGATGAAGCCGC^GCGA 
GCTT CCAGCTG CAG GT GT TGT AGT ACAGACT G G AAAAT AT C T AAACG AACAAAT C G T ACA 
AGATTATGTTGCCAGTCAAGTTTCyiACAGCCAAATGGC™ 

G GATGAAATT C C C AAAGGAT CAAC TG G AAAAAT T G ACAG AAAAGT GTT AAGACAAAT GT T 
TGAAAAACACACCAATGGG 
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FIGOKE 43 



D PMADKN I LYG PEFFYFLE DGT AG EQM FD ALS R YAD I PGC I ALTN AHT KENV L YEE FLKL 
SCRLAE S FKK YGLKQNDT IAVCSENGLQFFLFVT ASLYLGI IVAFVH DKY IERELIHSLG 
IVKPRIIFCSKOTE^VI^VKSIOJ^^ 

KFKPYS FNRDDQVALLMFS5GTTGI-PKGVMLTHKN I VARFSIAKD FT FGNAIN PTTAI LT 
VI PFHHGPGMMTTLG YFTCGFRVVLMHTFEEKLFLOS LQDYKVESTLLVFTLMAFTiAKSA 
LVEKYDL5 HLKEI ASGGAFLSKE IGEMVKKRFKLN FVRQG YGI*TETTS AVLIT PKacxAKPG 
STGKIVFFHAVKWDFTTGKI LG PNEFGELYEKGFMIMKGY YNHEEATKAI IDKOGWLRS 
GDIAYYDNDGHFY I VDRLKS L I KYKGYQVAPAEIEGILLQHP YIVDAGVTG I PDEAAGE L 
FAAGVWQTGKYLNEQIVQDYVASQVSTAKWLRGGVKFIJJE IFKGSTGKIDRKVLRQMFE 
KHTKG 
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FIGURE 44 



G GATCCAATGGAAG AT AAAAAT ATTTT AT AT GG ACCTGAACCAT T TT AT CCCTTG GCTGATG GGACGG CTG G AGAACAG 
AT GTTTT ACG CAT TAT CT CGTT ATG CAG AT AT T T CAGGAT GCATAGCAT T GACAAATG C TCATACAAAAG AAAAT GTTT 
T ATATGAAG AG T T TTT AAAATT GT C G TGTC G T TT AG CG GAAAGTTTT AAAAAGT ATGGATT AAAACAAAAC GACACAAT 
AGCGGT GTGT AG CGAAAATGGT T TG C AATTTT T C CTT CCT T TAATTG CATCATTGT AT CTT G G AATAAT TG CAG CAC CT 
GTT AG T GAT AAAT ACAT TGAACGT GAATT AATACACAG TCTTGGT ATT GTAAAACCAC GCAT AAT TTTTTGTT CCAAGA 
AT ACTT TT CAAAAAGTACTGAATGT AAAAT CTAAATT AAAATATGT AGAAACT AT TATT AT ATT AGACT T AAAT G AAGA 
CTT AG G AGG T TAT CAATG C CT CAACAACTT TATTT CT CAAAATT C CGATATT AATCTT GACGT AAAAAAAT TT AAAC CA 
AATT CTTTT AATC G AGAC GAT CAG GTT G CGTTG GT AATCTTTT CT T CTGGT ACAACT G GTGTTT CGAAGGGAG T CAT G C 
T AACTCACAAGAAT ATTG T TG CACG AT T T TCT CAT T GCAAAGAT C CT ACTTTT GGT AACG CAAT T AAT CCAACGACAGC 
AATTTT AACGGT AAT AC CT TT C CAC CAT GGTTT T G^^ ATGATGACCACATT AGGAT ACTTTACT TGT GGATT CCGAGT T 
G CTCT AAT GCACACGTTT GAAGAAAAACT ATT T CTACAAT CAT T ACAAGAT TAT AAAGTGGAAAGT ACTT TACTTGT AC 
CAACATT AATGGCATT T TTTG CAAAAAGTG CAT TAGTTGAAAAGT ACGATT T ATCG CACTTAAAAGAAAT TG CAT CT GG 
T GG CG CAC CTT TAT CAAAAGAAATT G GGGAGATGGTGAAAAAACGGTTT AAATT AAACTT TGTCAGGCAAGGGT AT GGA 
TT AACAGAAACCACT TCGG CT GTT T T AATT ACACCG GACACT GACGT CAGACCGGGAT CAACTGGT AAAAT AGTACCAT 
TT CACGCT G T T AAAGTTGT CG AT CCTACAACAGGAAAAATTTTGGGG C CAAATGAAACr GGAGAAT TGT ATT TT AAAGG 
CGACATGAT AAT GAAAAG T T ATT AT AAT AATGAAGAAGCT ACT AAAG CAATTATT AACAAAGACGG ATGGTT G C GCTCT 
G GT GAT AT TGCTT ATT AT G ACAATGAT GGCCATT T T T AT ATTGTG GACAGGCTGAAGT CATTAAT T AAAT AT AAAGGTT 
ATCAGCTTGCACCTGCTGAAATTGAGGGAATACTCTTACAACATCCGTATATTGTTGA 

GGATGAAGC C GCGGG CG AGCTT CCAGCTG CAG GT GT TGT AG T ACAGACTGGAAAAT AT CT AAACGAACAAAT C G TACAA 
AATTTTGTTTCCAGTCAAGTTTCAACAGCCAAATGGCTM 

CAAC T GGAAAAAT T G ACAGAAAAG T GTT AAG ACAAATG TTT GAAAAACACAAAT CT AAG CTG 
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FIGURE 45 



D PMEDKN I LYGPEP FY PLADGT AGEQM FY Al*S R Y AD ISGCI ALTHAHTKEHVLTf EE FLKL 
SCRLAES FKKYGLKQNDTI AVCS ENGLQFFLPLI ASLYLGI I AAPVS DKYI ERELIHS LG 
IVKPRI IFCSKNTPQKVLNVKSKLKYVETI IILDLHEDLGGYQCL«MFISQHSDIMLDVK 
KFKPNS FN RD DQ VALVM FS S G TTGVS KGVMLTHKN IVARFSHCKDPTFGNArNPTTAI LT 
VIP FHHGFSMHTTLG YFTCG EltVAXMHTFEEKLEL^I^DYKVESTIJjVPTLHAFFAKSA 
LVEKVDLS HLKE I ASGGAPLSKE I GEMVKKRFKLN FVRQGYGLTETTS AVLITFDTDVRP 
GSTGKI VP FHAVKWDFTTGKI LG PNETGELYEKBDMIMKS YYHNEEATKRI INKDGWLR 
SGDIAYYDN DGH FYIVDRLKS LI KYKGYQVAPAE IEGI LLQHP YIVDAGVTGI PDEAAGE 
L PAAG WVQTG KYLN EQ I VQN FVS S Q V S T AKW LRG G VK FL D E I P KG S TGK I DRKVLRQM F 
EKHKSKL 
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FIGURE 46 



D PMHKREKKVI YG PEPLH PLE DLTAGEML FRALRKHSHL FQALVDWGDES LS YKE FFEA 
TVLIAQSLHNCGYKMHBVV5 ICAENNTRFFI FVTAAWYIGMIVAPVNESYI PDELCKVMG 
I SKPQI VFTTKN I LHKVLEVQS RTN FI KRI 1 1 LDTVEN I HGCES LPNFI S RYS DGN I AN F 
KPLHFDPVEQVAAI LCSSGTTGLPKGVMQTHQN I CTRL I HALDPRAGTQL I PGVTVLV YL 
PFFHAFG FS ITLG Y ET4VGLRV I MFRRFDQEAFLKAIQDYEVRSVINVPS VI LFLS KS PLV 
DKYDLS SLEffiLCCGAAPLAKEVAEVAAKRLNLPG I RCG FGLTESTS ANI HSLHDE FKSGS 
LGRVT PLMAAKI ADRETGKALG PNQVGELC I KG PKVSKGYVNNVEATKEAI DDDGWLHSG 
D EX3 Y YDEDEH F YWDRYKELI KYKGSQVAPAELEEI LLKH PCI RDVAWG I PDLEAGELP 
SAFWKQPGKE I TAKEVY DYLAERVSHT KYLRGGVRFVDS I PRNVTGKI TRKELLKQLLE 
KAGG 
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FIGURE 47 



GGATCCCATGATGAAGCGAGAGAAAAATGTTATATATGGACCCGAACCCCTACACCCCTT 
GGAAGACTTAACAGCTGGAGAAATGCTCTTCCGTGCCCTTCGAAAACATTCTCATTTACC 
GCAGGCTTTAGTAGATGTGGTTGGGGACGAATCGCTTTCCTATAAAGAGTTTTTTGAAGC 
GACAGTCCTCCTAGCGCAAAGTCTCGACAATTGTGGATACAAGATGAATGATGTAGTGTC 
GATCTGCGCCGAGAATAATACAAGATTTTTTATTCCCGTTATTGCAGCTTGGTATATTGG 
TATGATTGTAGCACCTGTTAATGAAAGTTACATCCCAGATGAACTCTGTAAGGTGATGGG 
TATATCGAAACCACAAATAGTTTTTACGACAAAGAACATTTTAAATAAGGTATTGGAGGT 
ACAGAGCAGAACTAATTTCATAAAAAGGATCATCATACTTGATACTGTAGAAAACATACA 
CGGTTGTGAAAGTCTTCCCAATTTTATTTCTCGTTATTCGGATGGAAATATTGCCAACTT 
CAAACCTTTACATTTCGATCCTGTTGAGCAAGTGGCAGCTATCTTATGTTCGTCAGGCAC 
TACTGGATTACCGAAAGGTGTAATGCAAACTCACCAAAATATTTGTGTCCGACTTATACA 
TGCTTTAGAGCCCAGGGCAGGAACGCAACTTATTCCTGGTGTGACAGTCTTAGTATATCT 
GCCTTTTTTCCATGCTTTTGGGTTCrrCTATAACCTTGGGATACTTCATGGTGGGTCTTCG 
TGTTATCATGTTCAGACGATTTGATCAAGAAGCATTTCTAAAAGCTATTCAGGATTATGA 
AGTTCGAAGTGTAATTAACGTTCCAXCAGTAATATTGTTCTTATCGAAAAGTCCTTTGGT 
TGACAAATACGATTTATCAAGTTTAAGGGAATTGTGTTGCGGTGCGGCACCATTAGCAAA 
AGAAGTTGCTGAGGTTGCAGCAAAACGATTAAACTTGCCAGGAATTOGCTGTGGATTTGG 
TTTGACAGAATCTACTTCAGCTAATATACACAGTCTTAGGGATGAATTTAAATCAGGATC 
ACTTGGAAGAGTTACTCCTTTAATGGCAGCTAAAATAGCAGATAGGGAAACTGGTAAAGC 
ATTGGGACCAAATCAAGTTGGTGAATTATGCATTAAAGGTCCCATGGTATCGAAAGGTTA 
CGTGAACAATGTAGAAGCTACCAAAGAAGCTATTGATGATGATGGTTGGCTTCACTCTGG 
AGACTTTGGATACTATGATGAGGATGAGCATTTCTATGTGGTGGACCGTTACAAGGAATT 
GATTAAATATAAGGGCTCTCAGGTAGCACCTGCAGAACTAGAAGAGATTTTATTGAAAAA 
TCCATGTATCAGAGATGTTGCTGTGGTTGGTATTCCTGATCTAGAAGCTGGAGAACTGCC 
ATCTGCGTTTGTGGTTAAACAGCCCGGAAAGGAGATTACAGCTAAAGAAGTGTACGATTA 
TCTTGCCGAGAGGGTCTCCCATACAAAGTATTTGCGTGGAGGGGTTCGATTCGTTGATAG 
C ATACCAAGGAATGTTACAGGT A/^AATTACAAGAAAGGAACTTCT GAAGCAGTTG CTGGA 
GAAGGCGGGAGGT 
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